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SYMPOSIUM ON RECENT CLINICAL ADVANCES 


FOREWORD 
VINCENT C. KELLEY, M.D. 


Consulting Editor 


Progress in Pediatrics comes on many 
fronts, and diverse are the routes by which 
clinical advances are attained! When, in 
my naivete, I accepted the invitation to 
serve as guest editor for this issue of Pedi- 
atric Clinics of North America to be en- 
titled “Recent Clinical Advances,” this 
seemed to me a rather straightforward and 
not too perplexing assignment. The super- 
ficiality of my thinking about this all too 
soon became apparent when I began at- 
tempting to delineate specifics rather than 
generalities of the task. 

What is “recent”? What advances are 
“clinical”? What, for that matter, are “advances”? And most perplexing 
of all, what is “Pediatrics”? Were one capable of answering these ques- 
tions satisfactorily, he could compile more effectively a volume whose 
content neither includes inappropriate material nor omits any contribu- 
tions worthy of inclusion. But satisfying answers to these questions are 
not easy to attain. The questions are philosophical; the dictionary provides 
no help. 

Accumulating scientific knowledge which has clinical applicability 
is a slow process. In this context nothing is “recent” except the last 
Lilliputian step that has been taken on the Gargantuan trail of 
progress. Since change is not synonymous with progress, it is impossible 
except in retrospect to know with certainty which of the Lilliputian 
steps represent “advances.” Today’s “clinical” method was a “research” 
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method yesterday and will be obsolete tomorrow. The distinction 
between “Pediatrics” and other medical specialties, like that between 
different basic scientific disciplines, becomes less apparent with each 
passing year. It becomes increasingly more difficult to conceive of 
newly acquired information having relevance for Pediatrics, but not for 
other medical specialties. 

It seemed appropriate to devote this volume in large part to au- 
thoritative evaluations of current concepts concerning a few subjects 
of rather general interest and importance to pediatricians rather than 
to a recitation of the minutiae of “new discoveries” since the appear- 
ance of the last issue entitled “Recent Clinical Advances.” 














DRUG INTOXICATION 


ALAN K. DONE, M.D. 


Drugs are responsible for one half of the cases of accidental ingestion 
of potentially toxic substances and for one third of the deaths due to 
poisoning in children.® 

Drug intoxication in children frequently results from the accidental 
ingestion by an inquisitive toddler of a drug carelessly left within 
reach. Iatrogenic drug intoxication is also common and may result 
from an error in dosage, administration of the wrong medication or 
failure to recognize the importance of factors which predispose to the 
occurrence of intoxication. 

It is not the purpose of this paper to review all aspects of the prob- 
lem of drug intoxication in children. Instead, emphasis will be upon 
recent advances and current concepts in relation to (1) predisposing 
factors, (2) the pathologic physiology and treatment of some of the 
more common types of drug intoxication, and (3) newly recognized 
hazards. 


IMMATURITY: A PREDISPOSING FACTOR 


A number of factors render the infant or child more susceptible than 
the older person to the development of iatrogenic drug intoxication. 
In general, the younger the child, the more influential are these various 
factors. 


immaturity of Detoxification and Excretion Mechanisms 


There is increasing evidence that mechanisms for the detoxification 
and/or excretion of drugs may not be fully developed in the immature 


From the Department of Pediatrics, Stanford University School of Medicine, Stan- 
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person.?** 27, 30 Fouts and Adamson!™ have found, for example, that 
livers of newborn rats lack the ability to metabolize a number of drugs, 
and Jondorf, Maickel and Brodie®* have shown that livers of newborn 
guinea pigs are virtually incapable of forming glucuronides with a group 
of well known drugs. (Glucuronide conjugation is a process by which 
numerous drugs, including barbiturates, chloramphenicol and various 
phenolic compounds, are detoxified.) In addition, the ability of the 
kidney to clear certain substances from the body is quantitatively less 
in the young infant than in the older person. It is likely that further 
research will uncover additional examples of incompletely developed 
mechanisms for the metabolism of drugs by infants. 

Whenever a drug is administered to an infant, especially during the 
newborn period, the possibility must be considered that inefficiency of 
detoxification and excretion may result in prolongation and intensifica- 
tion of the therapeutic effect. If this is not compensated for by a 
reduction in dosage and an extension of the interval between doses, 
accumulation of toxic levels of the substance may occur. A case in 
point is chloramphenicol (Chloromycetin), which is discussed under 
Individual Drugs. 


Physiologic Sensitivity of the Child 


Many physiologic processes are more easily disturbed in the infant 
and the child than in the older person. Consequently the child ex- 
hibits an increased sensitivity to certain drug actions. Furthermore, 
the child is more likely than the older person to suffer serious physio- 
logic disturbances as a result of the disease for which he is being 
treated, and this may render him more vulnerable to the development 
of drug intoxication. 

Dehydration, a frequent occurrence in sick children, may lead to 
the development of spuriously high blood and tissue levels of a drug 
as a result of hemoconcentration and diminished renal excretion. 
Children have a greater tendency than adults to suffer metabolic 
acidosis and exaggerated losses of water and electrolytes in response to 
either disease or the action of drugs. The example of salicylate intoxi- 
cation can be cited as an illustration of the manner in which these 
factors may alter, both quantitatively and qualitatively, the suscepti- 
bility of the infant or child to the development of a toxic drug 
reaction. The administration of aspirin to a child who is somewhat de- 
hydrated may lead to the development of toxic levels of the drug with 
doses which otherwise would be harmless. Even with comparable blood 
levels of salicylate, infants and young children are more likely than 
older persons to have serious metabolic disturbances, and this poten- 
tiality is further increased by the presence of illness. Certain manifesta- 
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tions of salicylate intoxication, such as acidosis, hypernatremia and 
hypokalemia, are rarely seen in adults, but are not uncommon in infants 
and young children, and the sick or very young child is more likely to 
have these complications than the child who is well or older. 

Infants and children are more sensitive than older persons to the 
convulsant effects of analeptic drugs. Indeed, even drugs which are not 
known primarily for their analeptic properties (e.g., salicylates, anti- 
histaminics, aminophylline) when taken in toxic amounts commonly 
produce convulsions in children, and rarely do so in adults. 


Difficulties in Evaluating Response 


When administering a drug to a small child, it is often difficult to 
determine when the desired therapeutic effect is achieved or early 
toxicity is encountered. Objective signs are often unreliable, and the 
child may be unable to describe subjective symptoms. For example, 
eatly objective evidences of adequate digitalization (e.g., response of 
the pulse rate) are less clear-cut in the small child than in the older 
person, and overtreatment may occur before they are recognized. More- 
over, since most of the early manifestations of digitalis overdosage 
are subjective (e.g., nausea and anorexia) and the small child may be 
unable to reveal their presence, intoxication may not be recognized 
until it is dangerously advanced. The possibility that difficulties in 
evaluating response may be encountered should be considered in 
selecting the type, intensity, rapidity and method of evaluation of any 
form of treatment. 


Dosage Problems 


The factors described above pose problems in terms of arriving at safe 
dosage of certain medications for children, particularly small infants. 
It should be apparent that small size is not the only consideration, and 
failure to recognize this fact is frequently responsible for iatrogenic 
drug intoxication. An agent cannot always be administered safely to 
infants or children on the basis of a proportionate reduction in the 
adult dose, whether this is accomplished through the use of weight, 
surface area, age or any other standard. When altered sensitivity or 
inefhciency of detoxification or excretion applies, it may be necessary 
to adjust both the dose and the frequency of administration of a drug 
if it is to be used with safety. 

In most instances in which altered sensitivity and inefficient detoxi- 
fication do not apply, surface area is preferable to other standards of 
drug dosage for infants and children. Other factors being equal, doses 
which are similar on the basis of surface area will produce similar 





238 DRUG INTOXICATION 


blood levels of a drug in the child and the adult. The use of surface 
area has the additional advantage of eliminating the need for using 
different dosage standards for patients of varying ages. The use of 
surface area as a criterion for drug dosage is discussed more fully 
elsewhere.® 


Drugs and Kernicterus 


Kernicterus has been found to occur with relatively low serum bilirubin 
levels in premature infants given sulfisoxazole,?* 7 and the frequency 
of its occurrence in congenitally jaundiced rats can be increased by 
administration of sulfonamides or salicylates. Bilirubin is bound to 
serum proteins, and its diffusibility across cell membranes is presumably 
thus diminished. A number of organic anions, including sulfisoxazole 
and salicylate, are capable of uncoupling protein-bound bilirubin and 
thereby allowing its passage through semipermeable membranes.*° 
Such a process, occurring in the face of a relative inability to convert 
bilirubin to the nontoxic glucuronide conjugate, could provide the basis 
for an aggravating effect of certain drugs on the development of kernic- 
terus in newborn or premature infants and in congenitally jaundiced 
rats. In addition to an effect on protein binding, certain drugs may 
compete with bilirubin for glucuronide conjugation. These observations 
introduce additional reservations relative to the safe use of drugs in 
newborn and premature infants. It seems likely that salicylates have 
not been implicated in the promotion of kernicterus only because 
they are rarely used in newborn infants. It will be surprising if many 
additional instances of promotion of kernicterus by drugs do not 
eventually come to light. 


INDIVIDUAL DRUGS 


The following discussion will emphasize recent advances in our knowl- 
edge of the pathologic physiology or treatment of intoxication with 
some of the more commonly used drugs and a consideration of certain 
drugs which constitute newly discovered potential hazards to the child. 
For more comprehensive discussions, the reader is referred to the 
authoritative works of Goodman and Gilman®® and Gleason, Gosselin 
and Hodge'® and to the references cited in relation to individual drugs. 


Salicylates 


Few metabolic disturbances are as complex as those which are encoun- 
tered in children with severe salicylate intoxication. The nature and 
pathogenesis of the acid-base disturbances of salicylate intoxication 
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have been clarified considerably by the work of many investigators, 
and the current status of the problem has been presented well by 
Singer** and more recently by Winters et al.5® 

Figure 1 characterizes the acid-base disturbances of a group of 
patients with severe salicylate intoxication. The situation early in the 
course of intoxication (data represented by the open points) is sug- 
gestive of a partially or completely compensated respiratory alkalosis. 


40 ~~ C02 (mm.Hq.) 





40 


35 


Nora 
te, 


30 
PLASMA 


pant) E>. M& GG AN 


20} 


metabolic 


acidosis respiratory 
15 alkalosis 


10 








LO _@ 
73 74+ 


VENOUS BLOOD pH 





Children Adults 
o < J2 hours 
S > 12 hours 
Shaded arca- normal range 


Fig. 1. Nature of the acid-base disturbances in patients with salicylate intoxication 
(author’s data). 

The grid is based upon the pH-bicarbonate diagram of H. W. Davenport (The 
ABC of Acid-Base Chemistry, Ed. 4, Chicago, University of Chicago Press, 1958) 
and is a graphic representation of the Henderson-Hasselbalch equation relating blood 
pH, total plasma carbon dioxide content and partial pressure of carbon dioxide 
(pCOz). Hyperventilation would result in movement to the right along the “normal 
buffer line’’ toward a reduced pCOz and an alkaline blood pH (respiratory alkalosis) ; 
the resulting renal compensation would cause movement downward and to the left 
along a pCOz isobar toward a normal pH. In contrast, the result of the addition of 
extra fixed acid to the blood would be movement downward along the pCO2 40 
isobar toward an acid pH (metabolic acidosis), and respiratory compensation would 
result in movement to the right along a line parallel to the “normal buffer line.” (In 
either of the above examples, primary and compensatory shifts actually would occur 
simultaneously, rather than as separable processes. ) 
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Hyperpnea, an invariable accompaniment of early salicylate intoxica- 
tion, results in a reduction in the partial pressure of carbon dioxide 
in the blood (pCO) and a tendency toward the development of alka- 
losis. The kidneys compensate by excreting base, resulting in a further 
reduction in plasma carbon dioxide (and bicarbonate) and a shift in 
the blood pH toward normal. Beyond 12 hours (data represented by 
the solid points) the majority of the children are frankly acidotic, 
suggesting that some acidic substance or substances have been added 
to the blood. It has been shown clearly® that the amount of salicylate 
ion present is not sufficient to account for this alteration. The data 
presented here are in agreement with the findings of others and sug- 
gest that severe salicylate intoxication in children may result in the 
development of a mixed disturbance: metabolic acidosis superimposed 
upon respiratory alkalosis. The arrow in Figure 1 represents the pro- 
posed course of these abnormalities. 

Figure 2 presents a proposed scheme of the pathogenesis of the 
acid-base disturbances of salicylate intoxication in children, based upon 
an amalgamation of the available information. Central stimulation of 
respiration results in the development of respiratory alkalosis and the 
compensatory renal excretion of bicarbonate. This does not, per se, 
produce acidosis, but predisposes to its production by other factors. 
There is considerable evidence that salicylates in toxic amounts interfere 
with intermediary metabolism; this would be expected to result in the 
accumulation of organic acid metabolites. In addition, interruption of 
normal processes of glycolysis would promote ketosis. Ketosis might 
also be initiated or aggravated by starvation and dehydration, which 
are frequent concomitants of salicylate intoxication in children. The 
precise extent to which renal dysfunction contributes to the acid-base 
derangements of salicylate intoxication has not been assessed. It seems 
likely that these various factors combine to produce metabolic acidosis. 

The potential effects of salicylate intoxication on the metabolism of 
sodium and potassium are of considerable practical importance. The 
administration of moderate doses of salicylate to normal adults results 
in sodium retention and potassium diuresis.** A recent report*® indi- 
cates clearly that severe hypokalemia (manifested by low serum potas- 
sium concentrations, and electrocardiographic and neuromuscular 
changes) may occur in the course of salicylate intoxication, and under 
these circumstances the therapeutic administration of potassium may 
be lifesaving. Hypernatremia has also been reported recently as a com- 
plication of salicylate intoxication,** but its occurrence appears to be 
restricted to infants. 

Safe and effective treatment of the acid-base disturbances of sal- 
icylate intoxication requires accurate identification of the existing 
abnormalities and frequent monitoring of the acid-base status through- 
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Fig. 2. Proposed pathogenesis of the acid-base disturbances of salicylate intoxication 
in children. 


out the course of treatment. The exact status of the acid-base disturb- 
ance cannot be identified without measurements of blood pH. The 
carbon dioxide content of the blood is reduced (Fig. 1), and the urine 
pH may be acid whether the patient is acidotic or alkalotic, or has a 
normal blood pH. However, a small child with severe salicylate intoxi- 
cation will almost undoubtedly be acidotic if more than 12 hours have 
elapsed since salicylate ingestion and/or the plasma carbon dioxide 
content is less than approximately 8 millimols per liter. 

Parenteral fluids are indicated not only for the correction of existing 
derangements, but also as a preventive measure in patients in whom 
severe acid-base disturbances are anticipated on the basis of severity of 
symptoms, the amount of salicylate ingested, or blood salicylate 
measurements. The significance of plasma salicylate measurements in 
cases of acute intoxication is discussed in detail elsewhere.’° 

A solution consisting of one part of isotonic saline in 2 parts of 
5 or 10 per cent dextrose solution is recommended for the severely 
intoxicated patient who presents with a normal or alkaline blood pH. 
An appropriate rate of administration would be 2 liters per square 
meter of body surface area over a 24-hour period; one third of the 
calculated daily requirement may be administered during the first 3 
to 6 hours if dehydration is present. In patients with mild to moderate 
acidosis rapid administration of large amounts of sodium lactate or 
bicarbonate is neither necessary nor desirable. A solution composed 
of one part of sixth-molar sodium lactate, 2 parts of isotonic saline 
and 3 parts of 10 per cent glucose in water will usually correct the 
acidosis readily and safely. In patients who are severely acidotic (blood 
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pH less than 7.18) administration of sodium bicarbonate is indicated 
initially, but no attempt should be made to restore the blood pH or 
carbon dioxide content rapidly to normal. A procedure which seems 
to be satisfactory is the administration of sodium bicarbonate in a dose 
approximating 100 millimols (225 ml. of the 3.75 per cent solution) 
per square meter. This amount of bicarbonate would be expected to 
raise the plasma carbon dioxide content by approximately 5 millimols 
per liter. The clinical and chemical status of the patient should then 
be re-evaluated, and additional alkalinization, if such is necessary, 
should be planned accordingly. If intoxication is severe and prolonged, 
potassium should be administered once it is established that there is 
an adequate excretion of urine. If adequate amounts of potassium 
cannot be supplied orally, it can be added to the intravenous fluids in 
amounts of 25 to 30 mEq. per liter of solution. The type of fluid which 
is administered must, of course, be altered in the presence of hyper- 
natremia or hypokalemia. The course of these patients should be moni- 
tored with frequent determinations of plasma carbon dioxide content, 
blood pH, and serum sodium and potassium concentrations. 

The knowledge that alkalinization of the urine greatly increases the 
excretion of salicylate has led to studies on the effect of the carbonic 
anhydrase inhibitor acetazolamide (Diamox) on the excretion of 
salicylate and the course of salicylate intoxication. In animal experi- 
ments acetazolamide produced an increase in the urinary excretion 
of salicylate, but also increased mortality.2* Subsequent studies in 
human subjects with salicylate intoxication suggest, however, that 
Diamox can be used advantageously to accelerate salicylate excretion 
if the systemic acidosis is controlled simultaneously by infusion of 
sodium bicarbonate.’® ** Definitive conclusions with regard to the 
efficacy of this type of treatment must await further investigation. If 
used, this procedure should be reserved for instances wherein recovery 
is unlikely unless a rapid reduction in salicylate level is achieved and 
should be conducted only under careful laboratory control and by 
persons who are highly experienced in the management of fluid and 
electrolyte problems. Hemodialysis, exchange transfusion and peritoneal 
lavage have been used to good advantage in cases of salicylate intoxica- 
tion; these procedures are discussed under Advances in Measures for 
Removal of Intoxicants from the Body. 


Barbiturates and Other Sedatives 


Preoccupation with the prevalent debate over the use and abuse of 
analeptic drugs in the treatment of poisoning with central depressants 
has resulted in de-emphasis of the really important aspect of care: sup- 
portive treatment. In the course of intoxication with barbiturates and 
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pharmacologically related compounds a series of self-perpetuating cycles 
may become established (Fig. 3). Treatment should be aimed at pre- 
venting or breaking these cycles, and failure to attack one link in the 
chain of pathologic events may render all other therapeutic measures 
fruitless. 

The key position of hypoxia in the pathologic physiology of bar 
biturate intoxication (Fig. 3) emphasizes the importance of maintain- 
ing adequate oxygenation. Tissue hypoxia may be not only a result, 
but also a contributing cause, of depression. It may also be responsible 
for the development of cerebral edema and cardiovascular collapse. 
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Fig. 3. Interactions among the toxic effects of barbiturates. The numbers on the graph 
correspond to the appropriate therapeutic measures listed on the right. 


Conversely, hypoxia will be produced or aggravated by cardiovascular 
collapse. Correction of hypoxia involves, then, more than the ad- 
ministration of oxygen; an attack must also be made upon the 
underlying factors. If respiration is insufficient to maintain adequate 
gaseous exchange, artificial respiration is indicated. Since respiratory 
insufficiency may be the result of airway obstruction, installation of an 
oral airway, suctioning of secretions and, perhaps, intratracheal intuba- 
tion or tracheotomy may be necessary. 

Cardiovascular collapse may occur as the result of vasomotor de- 
pression, a direct inhibiting effect of barbiturates on smooth muscle 
tone or, as mentioned previously, hypoxia. Failure to prevent or correct 
cardiovascular collapse will result in aggravation of central nervous 
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system depression and tissue hypoxia and may contribute to the devel- 
opment of oliguria, cerebral edema and pneumonia. Restoration of 
adequate circulation should be attempted through the judicious use 
of intravenous fluids and vasopressor drugs such as levarterenol (Le- 
vophed), methoxamine (Vasoxyl) or phenylephrine (Neo-Synephrine). 

Factors which promote the development of pneumonia include not 
only inactivity and absence of a cough reflex, but also cardiovascular 
collapse and respiratory insufficiency. Pneumonia, in turn, will aggra- 
vate respiratory insufficiency. Frequent turning of the patient and the 
prophylactic administration of antibiotics as well as avoidance of res- 
piratory insufficiency and cardiovascular collapse will help to prevent 
the development of pneumonia. 

Cerebral edema can sometimes be reduced by the administration of 
albumin, which will also assist in the maintenance of circulatory efh- 
ciency. The recommended dose of albumin for children is 2 cc. per 
kilogram, with a maximum of 60 to 80 cc. Oliguria may occur as a 
result of either the hypothalamic-hypophysial action of barbiturates or 
cardiovascular collapse. If this occurs, fluid intake should be restricted 
and hemodialysis may be indicated (this is discussed under Advances 
in Measures for Removal of Intoxicants from the Body). 

Whether or not analeptic drugs should be used in the treatment of 
barbiturate poisoning has been the subject of much debate. In the past 
there was a widespread tendency to overtreat patients poisoned by 
depressants; then the pendulum swung in the opposite direction with 
the suggestion that better results could be obtained with supportive 
care alone.** There certainly is no justification for the use of analeptic 
agents in patients who have active reflexes, response to pain and ade- 
quate respirations. Whether analeptics are of value in patients who 
are more deeply depressed is the point of controversy. It is the present 
author’s opinion that analeptics are rarely indicated, but that they are 
of value if properly used in carefully selected patients. Most patients 
will recover if treated as though they were recovering from anesthesia. 
Analeptic drugs should not be permitted to supplant essential sup- 
portive care, and their use should be reserved for those patients in 
whom recovery seems doubtful otherwise. No attempt should be made 
to restore consciousness; rather, the object should be to restore and 
maintain active reflexes and adequate respiration. Picrotoxin and Metra- 
zol have been the analeptic drugs of choice for the treatment of 
barbiturate intoxication. Etteldorf and Woodbury" present an excellent 
discussion of the use of these drugs as well as a sensible approach to 
the management of barbiturate intoxication in children. 

There has been considerable recent publicity about the use of ~- 
methyl-8-ethyl glutarimide (bemegride, Mikedimide, Megimide) as an 
antagonist to the depressant effects of barbiturates. It was suggested 
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initially that this material acted through competitive inhibition of the 
action of the barbiturate molecule within the central nervous system.*® 
Later findings, such as antagonism to nonbarbiturate hypnotics,** sug- 
gest that this compound acts as an analeptic. It is the present author’s 
experience that bemegride is highly effective in lightening the level of 
depression due to barbiturates or glutethimide, and that it can be used 
safely for this purpose if administered cautiously. Bemegride can be 
injected intravenously in doses of 15 to 25 mg. every 5 to 15 minutes. 
No attempt should be made to arouse the patient, but rather he should 
be brought to a light plane of anesthesia. The greatest virtue of this 
medication would appear to be in avoiding prolonged intratracheal 
intubation and the complications which attend severe, prolonged de- 
pression. It remains to be determined whether bemegride has any real 
advantages over other analeptics in the treatment of barbiturate 
intoxication. 


Narcotics 


The narcotic antagonists nalorphine (Nalline) and levallorphan (Lor- 
fan) are highly effective in abolishing the depressant effects of narcotic 
analgesic agents, including morphine, codeine, diacetylmorphine 
(heroin), methadone, dihydromorphinone (Dilaudid), metopon, 
methomorphinan (Dromoran), meperidine (Demerol) !* 1% 5* and 
alphaprodine (Nisentil).* The recommended intravenous dose of 
nalorphine is 5 to 10 mg. in adults and 1 to 2 mg. in the small child. 
Levallorphan doses are approximately one fourth of those of nalorphine. 
In the newborn infant who is depressed from narcotic analgesics given 
to the mother during labor, nalorphine in doses of 0.2 to 0.4 mg. or 
levallorphan in doses of 0.05 to 0.10 mg. diluted in 2 to 3 ml. of normal 
saline may be injected into the umbilical vein. Administration of these 
agents to the mother who has received large doses of a narcotic before 
delivery may be worth while in avoiding narcosis in the newborn 
infant. These agents do not antagonize the respiratory depression 
caused by barbiturates, other non-narcotic central nervous system de- 
pressants or brain damage. The availability of these highly effective 
antidotes should not be allowed to detract from the importance of 
supportive care. Supportive measures in the treatment of poisoning with 
narcotic agents are essentially the same as those described above for 
barbiturates. 

Narcotic WITHDRAWAL SYNDROME IN THE Newsorn. The problem 
of narcotic withdrawal reactions in newborn infants of addicted mothers 
has received scant attention until recently.® 1% 4 5° Early recognition 
and treatment of this syndrome are important if a fatal outcome is to 


* Personal observations. 
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be avoided. The reaction occurs only in infants born of mothers who 
are consistent users of a narcotic and who have had the last dose within 
a week before delivery. The signs and symptoms of narcotic with- 
drawal in the newborn infant are sufficiently characteristic that the 
diagnosis can be suspected on clinical grounds, provided the possibility 
is kept in mind. 

Symptoms may appear as early as one hour and as late as two to 
three days after birth; the late onset is usually related to the ad- 
ministration of narcotics to the mother during labor. The infant 
appears tetanic, exhibiting hyperirritability and jerking movements. 
There is a continuous, extraordinarily shrill cry. Excessive amounts of 
brownish or greenish mucus are produced, resulting in respiratory dis- 
tress. Additional symptoms include yawning, diaphoresis, sneezing, 
vomiting and anorexia. Convulsions may occur in severe cases. The 
mortality rate may be as high as 95 per cent in untreated infants. 

Symptomatic treatment alone is all that is necessary in mild cases. 
In more severe cases treatment with opiates in gradually diminishing 
doses over a period of days to weeks may be necessary. Methadone in 
doses of 0.5 to 1.0 mg. every 4 to 12 hours has been recommended 
for this purpose. 


Amphetamine and Related Compounds 


Amphetamine (Benzedrine), dextro-amphetamine (Dexedrine) and 
methamphetamine enjoy widespread use as central nervous system 
stimulants and appetite suppressants. In numerous preparations these 
substances are combined with barbiturates, and when overdosage 
occurs, the stimulant effects usually predominate, at least early in the 
course of intoxication. 

Central nervous system excitation and hypertension are the most 
alarming manifestations of acute intoxication with these substances. 
Restlessness, mania and hyperreflexia may progress to convulsions, coma 
and death. Conventional treatment has consisted primarily in the 
administration of large doses of barbiturates. Adequate sedation, how- 
ever, is often difficult to achieve with safety, especially in children, 
and barbiturates may aggravate postexcitatory depression. The patient 
who has ingested a preparation of amphetamine or one of its deriva- 
tives in combination with a barbiturate and exhibits predominantly 
stimulatory effects poses a particularly difficult problem in relation to 
safe sedation. 

It has been known for some time that animals which are grouped 
together are more susceptible to the excitatory effects of amphetamine 
and related drugs than are single animals, the LD;9 among grouped 
animals being approximately one eighth that among individual animals. 
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In some intriguing experiments Lasagna and McCann*! found that 
chlorpromazine or reserpine, in doses which per se were devoid of gross 
behavioral effects, afforded striking protection against the lethal effects 
of amphetamine in grouped mice, reducing the mortality to that which 
is obtained in single animals. Single animals were protected only 
slightly. Phenobarbital provided similar protection, but only in anes- 
thetic doses. These observations prompted the clinical trial of chlor- 
promazine in the treatment of intoxication with amphetamine and 
related compounds, and the results have been gratifying indeed (unpub- 
lished observations). In several children treated in this manner, mani- 
festations of central nervous excitation and hypertension have subsided 
dramatically in response to ordinary therapeutic doses of chlorproma- 
zine. The doses required are well below the depressant range and 
would not be expected to aggravate postexcitatory depression or the 
depressant potential of compounds which combine amphetamine or 
allied drugs with a barbiturate. 


Case I. A 2-year-old girl was given (by an older sibling) 8 “extended-action”’ tablets, 
each containing 10 mg. of methamphetamine and 32 mg. of phenobarbital. Gastric 
lavage was performed one hour later, and the child was admitted to the hospital. 
Within 2 hours she became hyperactive, her blood pressure increased to 150/100, and 
her pulse to 140 per minute. Her condition worsened rapidly despite the intramuscu- 
lar administration of 100 mg. of phenobarbital; over the next 5 hours her blood 
pressure rose to 190/120, activity became violent, and she began chewing the ends 
of her fingers until they were macerated. Chlorpromazine was given intramuscularly 
in a dose of 15 mg., and within minutes the child fell into a quiet sleep from which 
she could easily be aroused. Hypertension and tachycardia subsided over the next 4 to 
6 hours. No additional chlorpromazine was given, and there was no recurrence of 
hyperactivity or hypertension. The child was ataxic for 2 days, but recovered without 
apparent residua. 


It is suggested that chlorpromazine, and perhaps other “tranquiliz- 


ing” drugs, constitute the treatment of choice at present for acute 
intoxication with amphetamine and related compounds. 


Iron Salts 


Medicinal iron preparations, particularly ferrous sulfate, have gained 
a place as an important cause of accidental poisoning deaths in chil- 
dren in recent years. Although the clinical manifestations have become 
well recognized, the fundamental pathogenesis of iron intoxication 
has been poorly understood. In reported cases, clinical manifestations 
have included hematemesis, bloody diarrhea, shock and coma. After 
the early acute phase the patient may appear to do well, only to have 
a recurrence of the above-mentioned symptoms in 20 to 48 hours after 
ingestion. Late effects may include liver damage with mild fibrosis, 
gastric scarring and contracture, and pyloric obstruction. 

Initially it was thought that the symptoms of fatal iron intoxication 
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were attributable to local tissue damage within the gastrointestinal 
tract. However, more recent studies showing that orally administered 
iron salts in toxic doses are rapidly absorbed into the circulation indi- 
cate that acute intestinal iron poisoning can be considered to be a 
true absorptive intoxication.** The mechanism of the development 
of shock, the principal symptom of acute iron poisoning in children, 
is not precisely known. Experimental and clinical observations suggest 
that one or a combination of the following factors may be responsible: 
(1) capillary congestion and increased capillary permeability, (2) con- 
version of absorbed iron to ferritin and apoferritin, which may then 
act as vasodepressors, (3) metabolic acidosis which is found in high 
degree in experimental animals with iron poisoning*’ and is thought 
to result from interference of iron with enzymes involved in the oxi- 
dative metabolism of carbohydrate. The current status of iron poison- 
ing in children has been reviewed recently.! 

Treatment of acute iron poisoning is primarily symptomatic and is 
directed toward removing iron and combating shock. Gastric lavage 
with a 5 per cent aqueous solution of monosodium or disodium phos- 
phate or sodium bicarbonate is helpful in converting the iron to less 
irritating and less soluble forms. Demulcents should be used to combat 
gastrointestinal irritation. Intravenous fluids should be used to combat 
shock and acidosis. 

Despite the fact that iron has no organ of excretion and is not ex- 
creted in appreciable amounts in the urine, the administration of 
edathamil calcium disodium (Versenate) to animals with experimental 
iron poisoning results in a striking augmentation of iron excretion in 
the urine.** Although there has not been extensive clinical experience 
with Versenate in the treatment of acute iron poisoning in children, 
experimental studies suggest that it deserves further trial. 


Digitalis 


The pharmacology of digitalis and the pathogenesis of digitalis intoxi- 
cation are well described elsewhere.": *: 2° 32 In most instances of digi- 
talis intoxication an uneventful recovery can be expected with no more 
treatment than withdrawal of digitalis and avoidance of factors which 
may aggravate digitalis intoxication. Diuretics should be discontinued, 
since they may perpetuate the intoxication. When possible, the ad- 
ministration of calcium, epinephrine, adrenocortical hormones, insulin 
and glucose should be avoided. Additional therapeutic measures which 
have gained recent popularity include administration of potassium, 
chelation of calcium and the administration of procaine amide 
(Pronestyl). None of these measures is universally effective or devoid 
of danger, and their use should be reserved for patients who do not 
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respond to withdrawal of digitalis and the institution of the precau- 
tionary measures mentioned above. 

Potassium administration is probably the ancillary treatment of 
choice in digitalis intoxication which does not respond to withdrawal 
of digitalis. It should not be used, however, unless renal function is 
adequate. The oral route of administration is to be preferred, but 
intravenous administration may be used when indicated on the basis 
of severity of intoxication or inability of the patient to take oral 
medications. Intravenous potassium administration should be gradual 
and under continuous electrocardiographic control; the infusion should 
be discontinued at the first evidence of peaking or tenting of T waves. 

There is considerable evidence that calcium and digitalis are syner- 
gistic, and agents capable of chelating calcium have been used success- 
fully in the treatment of digitalis intoxication. Sodium ethylenediamine 
tetra-acetic acid (Na-EDTA), a chelating agent with calcium-binding 
properties in vivo, has been used successfully in the treatment of 
digitalis intoxication in patients with heart disease”? *? and in a patient 
with a normal heart who ingested massive amounts of digitalis. Defini- 
tive evaluation of this form of treatment must await additional studies; 
however, the results to date seem promising. 

Procaine amide (Pronestyl) presumably depresses myocardial ex- 
citability and has been used successfully in the treatment of arrhyth- 


mias due to digitalis intoxication.** Its effects are unpredictable, and 
some hazard attends its use, particularly by the intravenous route. 
Procaine amide probably should be reserved for instances in which 
potassium therapy fails to reverse serious digitalis-induced arrhythmias. 


Phenothiazine Tranquilizers 


Attention has recently been drawn to the occurrence of severe neuro- 
logic manifestations in occasional patients receiving the phenothiazine 
tranquilizers chlorpromazine (Thorazine), prochlorperazine (Compa- 
zine) and perphenazine (Trilafon).?5 #4 An awareness of this reaction 
is important, especially because the alarming symptoms may otherwise 
cause the physician to resort to unnecessarily drastic diagnostic and 
therapeutic measures in the belief that he is dealing with a serious 
central nervous system disease. 

The symptoms resemble, in part, those of tetanus or strychnine 
poisoning. The manifestations appear suddenly in attacks which are 
characterized by lethargy, opisthotonos, trismus, extensor spasms of 
the neck and shoulders—sometimes with torticollis, oculogyric crises 
and hyperreflexia. The attacks persist from a few seconds to an hour 
or more and are followed by lucid intervals. Permanent neurologic 
damage or death has not been reported. Rapid recovery is the rule, and 
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treatment is entirely symptomatic. (See also page 257.) The following 
report of a case seen by the author is typical of this reaction: 


Case II. A 4-year-old boy was healthy until the day of admission, when he seemed 
lethargic, refused to eat his breakfast or lunch, and slept unusually long during the 
afternoon. Two hours before admission he complained of neck pain and his mother 
noted “arching of his neck.” This was followed by intermittent unresponsiveness and 
“twitching” of the hands. It was not until she was questioned specifically as to the 
possible availability of phenothiazine tranquilizers that the mother recalled having 
discovered her children playing with her Compazine capsules the previous evening. 
Eight 10-mg. sustained release capsules were missing. It could not be determined how 
many of these were taken by the patient; none of the other children had symptoms. 

Upon admission the patient was found to be lethargic and exhibited frequent epi- 
sodes during which he became unresponsive, emitted a long, piercing cry, became 
opisthotonic, turned his head sharply to the right, and had spasms of the extremities. 
These episodes were of a few minutes’ duration and persisted intermittently, but with 
progressively decreasing frequency, over the first 12 hours of admission. Within 18 
hours after admission he was well oriented, but exhibited “cog-wheeling” of the upper 
extremities, a mild intention tremor and, upon standing, assumed a typical parkin- 
sonian posture. These findings subsided gradually over the subsequent 3 days. No 
residua were apparent over several months’ observation. 


Aminophylline 


Only in recent years has aminophylline received the attention it de- 
serves as a potential source for serious drug intoxication in children. 
The subject has been well reviewed recently.*® ** Unfortunately, the 
early symptoms of toxicity are easily attributed to the disorder which 
is being treated; thus the medication may not be discontinued sufh- 
ciently early to avoid a fatal outcome. The cardinal early symptoms 
of aminophylline intoxication are extreme restlessness and frequent 
vomiting. The development of either or both of these symptoms is 
indication for immediate discontinuation of the drug. Later symptoms 
include convulsions, cyanosis, shock, hematemesis and fever. The 
treatment of aminophylline intoxication, aside from immediate with- 
drawal of the drug, is entirely symptomatic. 


Chloramphenicol (Chloromycetin) 


Attention has recently been drawn to the occurrence of death in new- 
born infants coincident with the administration of large doses of 
chloramphenicol.?*: *°: 5! The clinical course of these infants has been 
fairly typical, with the early onset of gastrointestinal symptoms followed 
by the development of grayish cyanosis, circulatory collapse and death. 
Remarkably high blood levels of chloramphenicol have been found in 
a number of infants thus affected. 

Studies on the toxicity of chloramphenicol have indicated that the 
LDso for newborn rats is one tenth to one twentieth of that for adult 
rats.5? In addition, it has been shown that newborn and premature 
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infants maintain a steady level of chloramphenicol in the blood for 
several days after administration of a single dose of the drug.’* It has 
been postulated that in the premature and newborn infant, inefficiency 
of glucuronide conjugation and renal excretion is responsible for the 
accumulation of toxic amounts of chloramphenicol when large doses 
are given. It is possible that the water-soluble succinate ester of chlor- 
amphenicol may circumvent some of the difficulty, although this possi- 
bility has not yet been completely evaluated. 


ADVANCES IN MEASURES FOR REMOVAL OF INTOXICANTS FROM THE 
BODY 


Unabsorbed Intoxicants 


Gastric LavacE versus Emests. Long overdue has been a good study, 
such as was reported recently,? of the relative efficacy of gastric lavage 
and emesis in the treatment of patients who have acutely ingested a 
potentially toxic substance. In studies on dogs with experimental 
salicylate intoxication it was found that induced emesis was more 
effective than gastric lavage in terms of recovery of the drug from the 
stomach. Spontaneous vomiting was less effective than induced emesis. 
Induction of emesis has the additional advantage that it requires no 
equipment and can be performed in the home. Whether induced 
emesis will prove to be more efficient than gastric lavage in the removal 
of intoxicants other than salicylates remains to be determined. 

Emesis can be induced effectively and safely in children by the 
administration of syrup of ipecac in a dose of 2 teaspoonfuls (10 ml.); 
if emesis does not occur, the dose may be repeated in 15 minutes. 
Syrup of ipecac is not the same as fluidextract of ipecac, the latter 
being several times stronger than the former. To avoid possible confu- 
sion, fluidextract of ipecac should not be permitted on the wards or 
in the emergency rooms of hospitals, since its administration in doses 
recommended for syrup of ipecac may result in severe toxic reactions 
(personal observations and communications to the author). 


Absorbed Intoxicants 


Poisons for which there are not effective antagonists may be absorbed 
into the body in amounts which, for practical purposes, are invariably 
lethal even with the best of supportive care. Methods for artificially 
achieving a reduction in the amount of poison in the body offer some 
hope for recovery under such circumstances. ‘These measures may also 
be of value when elimination of the poison fails to occur, as in renal 
failure in the case of poisoning with a substance which depends upon 
urinary excretion for removal from the body. The problem of acute 
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tubular necrosis and renal failure due to poisons and other causes in 
infants and children has been well reviewed recently.®® 

Hemodialysis (the use of the “artificial kidney”) has been used 
with success not only in the treatment of acute renal failure, but also 
as a means for rapidly removing large amounts of dialyzable toxins.* *1 
To date, it has been used successfully in the treatment of poisoning 
with barbiturates, salicylates, bromides, thiocyanate and glutethimide. 
Hemodialysis would not be expected to remove large-molecular sub- 
stances which are not dialyzable or substances which are irreversibly 
bound to tissues, cells or plasma proteins. This procedure is not without 
danger and should be performed only by experienced personnel. How- 
ever, in a recent paper Kelemen and Kolff?® consider the alleged 
dangers of or contraindications to the use of the artificial kidney in 
young children and conclude that the reluctance of clinicians to use 
this form of treatment is not justified. 

Replacement (exchange) transfusion has been used successfully in 
achieving a sharp reduction in circulating concentrations of a number 
of toxins.1! This procedure offers certain advantages over hemodialysis: 
it is familiar to most physicians, the relatively small blood volume of 
the small child makes it a convenient procedure, its success does not 
depend upon diffusibility of the poison, it requires little specialized 
equipment, and it does not require the exceptional experience which 
is necessary for the safe use of hemodialysis, especially in small children. 
It has the obvious limitation that in other than very small children the 
volumes of blood required are large, thus increasing the possibilities 
for transfusion reactions and the technical difficulty of the exchange 
procedure. In addition, it is less efficient than hemodialysis. 

Partial replacement of blood may be of great benefit in the treatment 
of poisonings associated with the formation of abnormal forms of hemo- 
globin: methemoglobin or sulfhemoglobin (poisoning with nitrites, 
aniline, acetanilid, bromates, chlorates, and the like) and carboxy- 
hemoglobin (carbon monoxide poisoning). The object is to supply 
normal hemoglobin capable of transporting oxygen. This often can be 
accomplished through simple transfusion; however, the amount of blood 
required may be so large that it must be administered by the process 
of exchange. 

Intermittent peritoneal lavage is an effective dialysis technique’? 
which can be applied not only to the treatment of renal failure, but 
also as a means for removing dialyzable toxins from the body. This 
procedure has a number of advantages over hemodialysis: blood volume 
fluctuation is less of a problem, it requires less experience and training, 
and it does not require heparinization. On the other hand, it is much 
less efficient than hemodialysis, and this factor may be even more of a 
disadvantage in the case of acute poisoning than in renal failure, since 
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rapid elimination of the toxin may be critical. Possible complications 
include peritonitis, occasionally severe pain, protein depletion and 
extravasation of fluid into the tissues. 
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SIDE REACTIONS FROM 
TRANQUILIZING DRUGS 


EDWARD B. SHAW, M.D. 


Tranquilizing drugs have been used for only a few years, but this use 
has quickly expanded to astonishing proportions. In the United States 
the total sales for all tranquilizers in 1957 amounted to $195,000,000, 
but declined in 1958 to $130,000,000—perhaps after the recognition of 
their side reactions.!® In Denmark, a country of 4.5 million inhabitants, 
a total of 24,478,269 gm. of meprobamate alone is stated to have been 
sold in 1958.25 

The volume of these drugs used causes one to suspect that indica- 
tions for their use may have been somewhat uncritical. It is inescapable 
that these drugs should have been used in children as well as adults. 
Promotional literature for the tranquilizers has promised broad useful- 
ness and has given general reassurance against adverse reactions and 
side effects. 

It is beyond the scope of this discussion to detail the chemical com- 
position of these agents or their individual pharmacologic characteris- 
tics. Burbridge® has separated these drugs into two groups: (I) those 
which are primarily hypnotic and sedative agents, comparable to the 
barbiturates, but less effective than phenobarbital; (11) those whose 
peculiar effects characterize the true tranquilizers. The former group 
includes the following: 

I. Hypnotic and sedative agents 
A. Alkenediol or substituted propanediol derivatives 
1. Meprobamate (Equanil, Miltown) 
2. Phenaglycodol (Ultran) 
3. Methocarbomol (Robaxin) 
4. 2-Ethylcrotonylurea (Nostyn) 


B. Diphenylmethane derivatives 
1. Hydroxyzine (Atarax) 


From the Department of Pediatrics, University of California School of Medicine, 
San Francisco. 
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2. Azacyclonal (Frenquel) 

3. Benactyzine (Suavatil ) 

4. Pipradrol (Meratran ) 

5. Isopropamide (Darbid) 

6. Adiphenine (Transentine) 


All the drugs in group I (hypnotic-sedative) have been used for mild 
sedation, for hyperactive and anxious children, as adjuncts for the 
treatment of convulsive seizures, and as muscular relaxants for both 
smooth and striated muscles. 

Reactions due to this group are encountered mostly with meproba- 
mate and include pharmacologic or psychologic dependence,*! toxic or 
fatal effect from overdosage, occasional allergic skin reactions varying 
from urticaria to purpura, gastrointestinal disturbances, chills, fever and 
vascular collapse.!* 14 There have been reports of dizziness, drowsiness 
and nausea. Fatal aplastic anemia,?® *° cardiac arrhythmia and arthral- 
gia also have been noted. Other drugs in this group have not commonly 
produced side effects beyond variable sedative or atropine-like response. 

Group II, the “true tranquilizers,” includes the following: 


A. Rauwolfia derivatives 
1. Whole root (Raudoxin ) 
2. Alseroxylon fraction (Rauwiloid) 
3. Purified alkaloid (Serpasil, Reserpoid, Sandril, Serpaloid) 
4. Rescinnamine (Moderil ) 
5. Deserpidine (Harmony] ) 
B. Phenothiazine derivatives 
. Chlorpromazine (Thorazine) 
. Prochlorperazine (Compazine) 
Promazine (Sparine ) 
. Perphenazine (Trilafon) 
. Promethazine (Phenergan) 
. Mepazine (Pacatal ) 
. Triflupromazine (Vesprin) 
. Thiopropazate (Dartal) 


CONAMAWNe 


New drugs and new drug names have been added to the list above 
almost weekly, and a voluminous literature has accumulated as to indi- 
cations for use and side effects. 

Our special concern in this discussion is with the side reactions 
which characterize the “true tranquilizers,” including the Rauwolfia 
derivatives and the phenothiazines. All these drugs have certain struc- 
tural characteristics in common with differences which affect precise 
drug action and, to some degree, the side reactions which are produced. 


RAUWOLFIA DERIVATIVES 


The Rauwolfia drugs are used in childhood principally for the control 
of hypertension and are given, alone or in combination with other 
drugs, especially in acute nephritis. To a much less extent they are 
used as tranquilizers for anxiety states, and the like. 
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The Rauwolfia series, perhaps because use in childhood has been 
limited, has occasioned comparatively few complications in pediatric 
practice. Action on the hypothalamus with reduction of sympathetic 
outflow releases a parasympathetic response which produces such 
symptoms as nasal congestion, salivation, sweating, bradycardia, ab- 
dominal cramps and diarrhea.* If these drugs are used in appropriate 
dosage and quickly withdrawn with the appearance of side effects, 
usually no serious consequences are observed. Occasional parkinsonian 
symptoms have been described which are similar to those observed in 
the use of the phenothiazines. 


PHENOTHIAZINE DERIVATIVES 


The phenothiazines are most commonly prescribed in childhood for 
symptomatic relief of nausea and vomiting. Antiemetic effects are fre- 
quently successful—but not unfailingly so—and this use has been fre- 
quently uncritical without reference to the primary etiology of nausea 
and vomiting.*: 17 Certain members of this group also have been used 
as adjuvants for narcotic drugs, as preanesthetic agents in the induc- 
tion of hypothermia and as antihistaminics. 

Many adverse effects have been discovered with the increasing use of 
the phenothiazines. Some of these are trivial and easily reversible, and 
some are extremely rare. The less common complications include 
jaundice,!® granulocytopenia,? cutaneous eruptions'® and hyperpyrexia. 
Not all of these have been noted with each of these drugs, but, more or 
less, these results are to be expected from almost any member of this 
series and have usually been demonstrated with each of them when 
experience has been sufficiently extensive, especially if this includes 
the prolonged use of generous dosage. In the treatment of adult psy- 
choses the prolonged administration of large doses has produced the 
most convincing evidence of toxic effect, but pediatric experience has 
encountered the adverse results of prolonged high dosage much less 
frequently. 

The side effects most commonly encountered in childhood which 
have caused the greatest consternation are those which the proponents 
of these drugs prefer to call “extrapyramidal motor symptoms.” These 
drugs were introduced into medical practice with little warning of the 
possibility of these curious motor symptoms, although with some of 
them there was ample evidence of this effect, at least from larger 
dosages. These motor symptoms were described after the use of 
chlorpromazine in 1955. Through early 1957 numerous sequelae were 
reported which were sometimes disturbing, particularly those due to 
chlorpromazine, prochlorperazine and, to a less extent, to almost all 
the phenothiazines. 
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More recent drugs and those which were generally used in smaller 
dosage were less identified with these reactions. Promethazine (Phener- 
gan) is reported to be free from these effects, perhaps only because it 
has been commonly given in lower dosage, especially as an anti- 
histaminic. Personal communications indicate that, with larger dosage, 
this drug has side effects which resemble those due to other members 
of this series. 

Although no one of the phenothiazines is probably exempt from 
this action, prochlorperazine (Compazine) has been implicated most 
frequently, perhaps for the reason that in childhood it has been used 
with minimal precaution. Prochlorperazine was introduced into this 
country in 1956 under the name of Compazine. The originally sug- 
gested dosage schedule was more generous than that presently advised. 
Motor side reactions were known to occur, but the clinician was re- 
assured of their rarity, mildness and transitoriness. During 1958 and 
through 1959 numerous reports appeared of “extrapyramidal seizures” 
associated with the use of Compazine and of other phenothiazines, 
but their frequency was not generally appreciated and even at present 
may not be a matter of common knowledge. “In no single instance did 
the physician who prescribed the drug anticipate the side effects nor 
did the physician who first observed the resultant seizures recognize 
their origin.”7 

It may be improper to refer to these associated motor symptoms as 
“convulsive seizures” because loss of consciousness is not involved and 
they do not originate in the motor cortex, but this is a matter of se- 
mantics. In clinical terms, involuntary discharge of muscular activity, 
no matter where it originates, is probably best described as a convulsive 
seizure. 

Although these symptoms were more common with large dosage 
and much more common in children than in adults, severe and alarm- 
ing symptoms have been reported in both adults and children with a 
dosage well within recommended limits. The original dosage for chil- 
dren was proportioned to that for adults, but evidence suggests that 
much greater sensitiveness prevails in childhood, that certain children 
are especially susceptible and that this sensitivity may be increased by 
certain antecedent conditions. Observers who are alert to the possibil- 
ity of these symptoms have learned to recognize them so promptly as 
to make the history of drug ingestion almost unnecessary. A simple 
test of the urine, a red-purple color reaction with 10 per cent solution 
of ferric chloride, may be helpful.t?: 2? When these side effects were 
unknown and the etiology of seizures was unsuspected, there was great 
apprehension frequently and, sometimes, the initiation of inappropriate 
therapeutic measures of startling nature. 

Some older and better known therapeutic agents have been noted 
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to produce definite differences in effects between adults and children. 
In some of these, such as atropine and digitalis, the relative tolerance 
of the child seems to be greater than in the adult. In the extrapolation 
of preclinical testing to clinical use of drugs in adults, distinctions be- 
tween laboratory animals and man have been usually carefully re- 
garded, but similar distinctions between effects in infants and children 
have not always been so carefully sought. There are two recent ex- 
amples of side effects produced in infants from other therapeutic agents 
(sulfonamide and chloramphenicol) which point to the necessity of 
establishing precise drug tolerance for the infant or child which is not 
derived simply from experience with experimental animals or with the 
adult (see p. 250). 

Nine cases of the neuromuscular syndrome provoked by phenothia- 
zine were reported in a Letter to the Editor in Pediatrics* supple- 
mented by a more extended report in March, 1959.27 There have been 
a number of similar reports.*: 57% 18 At the Los Angeles Children’s 
Hospital Poison Center 16 calls were received during 1958 about symp- 
toms of prochlorperazine toxicity.® 

Since the initial reported series®® a great number of cases have been 
brought to my attention by letter or by telephone requests for advice 
in the management of an acute situation. No effort has been made to 
accumulate these data, but their volume suggests that these reactions 
are common and are almost always surprising and alarming to the 
clinician who is confronted by them for the first time. A number of 
factors contribute to the uncertainties of this situation. 

1. When these drugs were first introduced, clinicians were led to 
believe that dosage need not be carefully estimated and might safely 
be generous. Later experience has shown that dosage in childhood 
should be carefully designed and must not be repeated frequently. 
These drugs should never be given in a series of several doses daily. 

2. Many children and some adults appear to be extremely sensitive 
to these agents, and in them adverse effects may be produced by 
dosage which is well within the usual limits of propriety. 

3. A considerable latent period may elapse between the last dose of 
the drug and the appearance of unfavorable symptoms. In one adult, 
a physician, violent symptoms suddenly appeared 16 hours after the last 
dose had been administered.?7 

4. In patients with acute infections of the central nervous system or 
in those with severe dehydration there seems to be an extraordinary 
sensitivity to the phenothiazines. In some of these the drug action has 
obscured the primary diagnosis or has led to erroneous diagnosis, thus 
complicating the evaluation of the infectious condition. The re- 
semblance of some of these reactions to von Economo’s encephalitis 
has been noted.® 
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5. In the majority of instances recognition of etiology, cessation of 
therapy, use of simple sedation with phenobarbital, administration of 
anti-Parkinson drugs such as Cogentin, atropine or caffeine’ have led 
to prompt cessation of symptoms. Shev,?* however, has reported pro- 
longed effects from some of these drugs when they have been con- 
tinued for long periods of time. Some protracted effects have been 
seen with small doses.** It has been noted in experimental animals 
that the effects of these drugs may not be transitory.$ 


SYMPTOMS 


Neuromuscular signs may sometimes consist only of involuntary spasm 
of the neck muscles, often unilateral. Depending on the amount and 
duration of drug dosage and the variable sensitivity of patients to these 
- drugs, symptoms may be much more severe and consist of violent 
spasms of all the muscles of the neck, spasm of the masseters, invol- 
untary movements of the pharyngeal musculature, inability to swallow, 
salivation, loud accompanying involuntary shrieks, and extensor spasm 
of the upper extremities or of all four extremities. There is usually no 
loss of consciousness, although the apprehensive and disturbed patient 
may be thought to be encephalitic. The symptoms are so characteristic, 
however, that, once seen, they are promptly recognized thereafter. 

Mild toxic symptoms can be readily mistaken for hysteria. The pa- 
tient has no disturbance of consciousness, but has involuntary ticlike 
spasms of the neck muscles, frequently unilateral, which result in 
sudden hyperextension of the neck. These may be accompanied by 
respiratory anxiety. Discontinuance of the drug is followed by cessation 
of symptoms. In all probability such symptoms have often been diag- 
nosed as hysterical and their true origin completely ignored. 

In other patients the onset of symptoms has been sudden and dra- 
matic and has been mistaken for an epileptic seizure. A considerable 
period may intervene between the last dose of the drug and the ap- 
pearance of symptoms, a period which may divert attention from the 
primary etiology. 

Case I. An 11-year-old girl had been given prochlorperazine for relief of overstimu- 
lation following the use of an amphetamine drug for weight reduction in a total dosage 
of 30 mg. over a 36-hour period. There was a sudden accession of symptoms so severe 
that a nurse who was called in the emergency reported to the physician that she be- 
lieved the child was dying. The child’s father related that her head was hyperextended 
and rotated to one side so violently that an orthodontic appliance which she was 
wearing was driven into her cheek (actual dislocation of the jaws has been described 
in some patients). She was referred for study as a possible epileptic, but the descrip- 
tion of her attack and the history of drug ingestion were so typical that the diagnosis 
was promptly established. Symptoms were of short duration and did not recur after 


the drug had been discontinued. In this particular patient minor abnormalities in the 
electroencephalogram were sufficient to suggest that the drug might have triggered 
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previous convulsive tendencies, although the seizure did not in the least resemble 
epilepsy and the subsequent history has been uneventful. 

In a number of patients who have come to our attention symptoms 
have been mistaken for those of bulbar poliomyelitis. 

Case II. A 4-year-old child had a 3-day history of vomiting and listlessness, un- 
accompanied by fever, for which he had been given a 5-mg. suppository of prochlor- 
perazine every + hours. After receiving 5% of these suppositories she was admitted 
to the hospital listless, unresponsive and unable to swallow her profuse oral secretions, 
which led to immediate suspicion of bulbar poliomyelitis. Recognition of the ais- 
turbance and cessation of medication resulted in prompt recovery. 

Many similar instances are assembled in a personal file. In some of 
these the recognition of the typical symptoms which followed ingestion 
of one of these drugs made it unnecessary to transport the patient over 
a long distance and to carry out extensive diagnostic studies. In sev- 
eral, however, tracheotomy had been considered seriously, and in at 
least one case the patient was admitted to the respirator before the 
exact situation was understood. 

Infectious encephalitis has been suspected frequently. The striking 
resemblance of phenothiazine reactions to the motor effects of 
von Economo’s encephalitis has been mentioned previously. ‘These 
patients do not have loss of consciousness, but may be listless or may be 
disturbed by their involuntary motor symptoms and reflect the general 
alarm of those about them in a manner which may suggest encephalitis 
to the inexperienced observer. 

Case III. One of the patients in our earlier report?* was a 64-year-old girl who 
had received a 25-mg. prochlorperazine suppository the evening before admission, 
which was repeated on the morning of admission. The child, together with her family, 
haa a history of a mild preceding influenza-like illness. About one hour after the 
second dose she had characteristic muscle spasms which involved her neck, the eye 
muscles and the musculature of the extremities. She continued to be in contact with 
her surroundings, but periodically emitted loud baying cries which were audible 
throughout the ward. Superficially, her general appearance suggested a severe en- 
cephalopathy. ‘This patient recovered uneventfully on simple sedation with pheno- 
barbital. 

A number of similar cases have been reported by personal communi- 
cation in which there had been great apprehension on the part of all 
concerned. 

When phenothiazines have been given as an antiemetic in the 
course of measles or other acute infectious disease, the appearance of 
typical neuromuscular symptoms has frequently led to a diagnosis of 
postinfectious encephalomyelitis. 

Case IV. One case which was incorporated in the previous report?? was the 9-year- 
old son of a physician who was given two 15-mg. prochlorperazine spansules in the 
course of 24 hours for vomiting during an attack of measles. The following morning 
he had an intense spasm of the neck muscles, severe trismus, and rigidity of the right 
upper extremities. This was treated by intramuscular injection of 5 mg. of prochlor- 
perazine with prompt worsening of his symptoms. The true nature of this disturbance 
was unknown to his attendant, and a diagnosis of postmeasles encephalitis was enter- 
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tained. Spinal puncture revealed negative findings, and he was given intravenous 
hydrocortisone. Because of progressing difficulty in speech, swallowing and respiration 
he was transferred to the Children’s Hospital in San Francisco with the belief that 
tracheotomy and respirator care were imminent. With the recognition of his disorder 
and with the use of Cogentin (benztropine methane sulfonate) and phenobarbital, 
he slowly recovered during the next 12 hours and all resemblance to postmeasles 
encephalitis was quickly dissipated. 

Similar confusion and apprehension have been encountered in several 
patients with aseptic meningitis in whom the use of phenothiazine as 
an antiemetic was followed by similar and unrecognized symptoma- 
tology. In some of these the history of symptoms and of drug ingestion 
was so revealing that it was possible to spare the patient extensive 
diagnostic procedures. 

“Pseudotetanus” has become recognized as a symptom of phenothia- 
zine intoxication. Trismus, difficulty in swallowing, spasmodic move- 
ments of the face, palate, neck and extremities may mimic the clinical 
picture of tetanus. When the origin of symptoms is not quickly recog- 
nized, the treatment can be a real hazard to the patient. 


Case V. One reported case27 was that of a 53-year-old physician who for relief of 
nervousness consumed two 15-mg. tablets (“samples”) during the day, inserted a 
25-mg. suppository at bedtime, and 16 hours later had spasmodic movements of the 
muscles of his throat, face and neck and inconstant trismus. The evidence of tetanus 
was sufficiently convincing to the physician-patient and to his attendant that treat- 
ment appropriate for tetanus was promptly initiated; preparations were made for 
tracheotomy, an endotracheal tube was inserted, he was given a curare preparation 
intravenously, and a skin test dose of tetanus antitoxin was applied. Curarization re- 
sulted in respiratory arrest which necessitated a period of artificial respiration. Trache- 
otomy was not performed after a consultant had recognized the nature of the dis- 
turbance; relief was afforded by atropine and phenobarbital, and recovery was prompt. 


In a similar case reported by personal communication the patient 
was actually tracheotomized and given intravenous tetanus antitoxin 
before the true state of affairs was realized. 

The trismus provoked by phenothiazine may be voluntarily con- 
trolled by the patient and, in contrast to that which is present in 
tetanus, is not inevitably and involuntarily elicited by the insertion of 
a tongue blade in the patient’s mouth. 

Phenothiazine used for the suppression of nausea and vomiting has 
sometimes completely obscured the primary cause of illness. 

Case VI. In a 20-month-old female infant previous nausea and vomiting had been 
controlled by oral and intravenous rehydration plus the use of chlorpromazine sup- 
positories. Generalized convulsions and loss of consciousness appeared, and she was 
transported a distance of 100 miles to the Children’s Hospital, San Francisco. The 
seizures were promptly controlled with sodium phenobarbital, but 24 hours later the 
diagnosis of intestinal obstruction due to intermittent volvulus on the basis of in- 
testinal malrotation was established. 

This and several similar cases illustrate the necessity of establish- 
ing a definite diagnosis before any one of these drugs is given as a 
symptomatic antiemetic. 
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DISCUSSION 


Phenothiazines and other tranquilizers have been extensively used in 
psychiatry, apparently with good effect, but with full realization of 
possible adverse side effects, the acceptance of these hazards, and the 
careful anticipation of them. In many other clinical situations, how- 
ever, these drugs have been less critically used. In pediatrics their prin- 
cipal use is for symptomatic relief of nausea and vomiting. There has 
been general failure to recognize that extrapyramidal symptoms pro- 
voked by these drugs may resemble other central nervous system dis- 
turbances, including hysteria, epilepsy, bulbar poliomyelitis, primary 
or secondary encephalitis, and tetanus, and that these neuromuscular 
symptoms may obscure serious underlying causes for the nausea and 
vomiting. 

If the appearance of these side effects is anticipated and handled 
promptly by withdrawal of the drug and the use of sedation and other 
appropriate antagonists, these symptoms will abate dependably. Failure 
to recognize the origin of these curious symptoms may lead to the in- 
stitution of therapy which is inappropriate and which in itself may 
be accompanied by distinct danger. Sometimes the symptoms which 
appear are treated, unhappily, with continuing or increased dosage of 
the very drugs which have provoked them. The fact that the first evi- 
dence of side effects may follow the last administration of a pheno- 
thiazine drug by many hours may cause the situation to be especially 
obscure. 

Although certain adults can satisfactorily tolerate large doses of 
these drugs, some adults and many children will manifest alarming side 
effects from amounts which seem entirely appropriate. An apparently 
satisfactory dosage schedule for children cannot be extrapolated from 
dosages which are appropriate for adults or can be tolerated by ex- 
perimental animals. 

The dosage schedules originally proposed for children for these drugs 
was much more generous than that which is now recommended. It 
was then believed that there was considerable latitude in the amount of 
these drugs which might be administered with safety. It is well es- 
tablished that the minimal dosage now recommended should be care- 
fully observed, that a single dose may have the desired effect, and that 
multiple doses such as every four to six hours should never be given 
without full realization of potential side reactions. Dosage schedules 
for each of these drugs have been carefully recommended by the manu- 
facturers, and minimal dosage for desired effect should be carefully 
followed. 

There is probably some usefulness in pediatrics for the various tran- 
quilizers—both for sedative and antiemetic effect. The clinician who 
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prescribes these agents should, however, be well aware of possible 
side effects and should give appropriate warning to patients or to their 
parents when they are given. In most clinical situations it is best to 
establish the precise etiology of nausea and vomiting, to exclude serious 
underlying etiologies, to correct dehydration and disturbance of blood 
electrolytes, and to utilize simple sedation before giving therapeutic 
agents which may provoke reactions which are dismaying to all con- 


ce 


med. 


REFERENCES 


] 


ws 


nN VI 


19. 
20. 


. Ayd, F. J., Jr.: Fatal Hyperpyrexia during Chlorpromazine Therapy. J. Clin. G 
Exper. Psychotherap., 17:189, 1956. 


2. Idem: Fatal Agranulocytosis Due to Triflupromazine Hydrochloride. Am. J. 


Psychiat., 114:940, 1958. 

. Berry, R. J., Kamin, S. H., and Kline, A.: An Unusual Complication Following 
the Use of Trilafon in Children. U.S. Armed Forces M.]., 9:745, 1958. 

. Bradley, C.: Tranquilizing Drugs in Pediatrics. Pediatrics, 21:325, 1958. 

. Bucher, W. H.: Untoward Neurological Reactions to Prochlorperazine. Children’s 
Hosp. L.A. M. Bull., 6:77, 1959. 

. Burbridge, T. N.: The Pharmacology of ‘Tranquilizers; in Featherstone, R. M., 
and Simon, A., editors: A Pharmacologic Approach to the Study of the Mind. 
Springfield, Ill., Charles C Thomas, 1959. 

. Cleveland, W. W., and Smith, G. F.: Complications Following the Use of Pro- 
chlorperazine (Compazine) as an Antiemetic. A.M.A. J. Dis. Child., 96: 
284, 1958. 

. Das, N. N., Dasgupta, S. R., and Werner, G.: Changes of Behavior and Electro- 
encephalogram in Rhesus Monkeys Caused by Chlorpromazine. Arch. Internat. 
pharmacodyn., 99:451, 1954. 

. Delay, J., Deniker, P., Green, A., and Mordret, M.: Le syndrome excito-moteur 
provoqué les médicaments neuroleptiques. Presse méd., 65:1771, 1957. 

. Fabisch, W.: The Effect of Chlorpromazine on the Electroencephalogram of Epi- 
leptic Patients. J. Neurol., Neurosurg. @ Psychiat., 20:185, 1957. 

. Forrest, F. M., Forrest, I. S., and Mason, A. S.: A Rapid Urinary Test for Chlor- 
promazine, Promazine and Pacatal: A Supplementary Report. Am. J. Psychiat., 
114:931, 1958. 

. Friedman, H. T., and Marmelzat, W. L.: Adverse Reactions to Meprobamate. 
].A.M.A., 162:628, 1956. 

. Goldsmith, R. W.: Letter to Editor: Toxicity of Phenothiazine Compounds. 
Pediatrics, 23:1015, 1959. 

. Herschel, P.: The Tranquilizing Drugs: Unfavorable Effects in Children. Kaiser 
Found. M. Bull., 7:61, 1959. 

. Hollister, L. E.: Allergy to Chlorpromazine Manifested by Jaundice. Am. J. Med., 
23:870, 1957. 


. Idem: Complications from the Use of Tranquilizing Drugs. New England J. Med., 


257:170, 1957. 
. Hopkins, C. E., and Geppert, T. V.: Vomiting in Infancy and Early Childhood: 
Treatment with Prochlorperazine. J. Pediat., 52:687, 1958. 


. Jabbour, J. T., Sheffield, J. A., and Montalvo, J. M.: Severe Neurological Manifes- 


tations in Four Children Receiving Compazine (Prochlorperazine). J. Pediat., 
53:153, 1958. 

Kern, C. J.: Millions for Tranquility. Drug @ Cosm. J., 84:436, 1959. 

Meyer, L. M., Heeve, W. L., and Bertscher, R. W.: Aplastic Anemia after Mepro- 
bamate (2-Methyl-2-N-propyl-1.3-propanediol Diacerbamate) Therapy. New 
England J. Med., 256:1232, 1957. 








28. 


29. 


EDWARD B. SHAW 267 


. Mohr, R. C., and Mead, B. T.: Meprobamate Addiction. New England J. Med., 


259:865, 1958. 


. Nellhaus, G.: Letter to Editor: Test to Aid in Diagnosis of Phenothiazine Intoxi- 


cation. Pediatrics, 23:1018, 1959. 


. Powell, L. W., Mann, G. T., and Kaye, S.: Acute Meprobamate Poisoning. New 


England J. Med., 259:716, 1958. 


. Preston, J.: Central Nervous System Reactions to Small Doses of Tranquilizers. 


Am. Pract., 10:627, 1959. 


. Schou, J.: Psychosedative Drugs, Ataractics, with Special Reference to the Use 


and Misuse of Meprobamate (Equanil, Miltown, Restenil). Ugeskr. laeger, 
121:649, 1959. 


. Shaw, E. B.: Letter to Editor: Convulsive Seizures Following Phenothiazine 


Tranquilizers. Pediatrics, 22:175, 1955. 


. Shaw, E. B., Dermott, R. V., Lee, R., and Burbridge, T. N.: Phenothiazine 


Tranquilizers as a Cause of Severe Seizures. Pediatrics, 23:485, 1959. 
Shev, E. E.: Toxic Effects of ““Tranquilizer” Drugs. To be published. 
Wright, W.: Use of Tranquilizers in Dermatology. J.A.M.A., 171:1642, 1959. 


San Francisco Medical Center 
San Francisco 22, Calif. 

















IMMUNITY IN INFANCY 


RICHARD T. SMITH, M.D. 


En recent and older writings? * 15. 2%.42 covering the young infant's 
immunologic status and capacity to resist infection, attention has 
nearly always been directed to his deficiencies or inadequacies. Never- 
theless it is overwhelmingly probable that the infant, born of a pro- 
tected uterine environment, bacteriologically sterile and immunologi- 
cally pristine, will survive the immediate acquisition of a bowel and 
skin bacterial flora, will contact without detectable harm multitudinous 
antigenic materials, and will ably resist most viral agents. These 
weighty but infrequently emphasized facts speak strongly for the 
qualitative adequacy of resistance and immunity from the time of birth. 

This presentation will attempt to bring out information on the posi- 
tive attributes of the immune mechanisms of young infants and, per- 
haps, provide an appropriate perspective from which to examine de- 
ficiencies. First, the various basic immune mechanisms as currently 
understood will be reviewed, particularly as applied to the human in- 
fant. Then the role of active and passive immunity in resistance to 
various infections in infancy, and the ways and means of enhancing 
this resistance by active immunization will be examined.* 


BASIC IMMUNOLOGIC MECHANISMS 


In its broadest biologic sense, immunity comprises all those physio- 
logic mechanisms which endow the animal with the capacity to recog- 
nize materials as foreign to itself and to neutralize, eliminate or metab- 


* In the References no attempt is made to be inclusive of all available data. Those 
given were chosen either as critical to the support of a point, or as reviews which will 
allow the reader to explore the subject more fully. 


Portions of the material presented in this paper were made possible by grants from 
the National Institute for Arthritis and Metabolic Diseases (A-2964), Arthritis and 
Rheumatism Foundation and the American Heart Association. 
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olize them with or without injury to its own tissues. The slight degrees 
of foreignness which are discernible to these sensitive mechanisms are 
equalled by few physical or chemical methods. When a substance 
can be distinguished as foreign, in this sense, then it is termed anti- 
genic. This quality of detecting subtle differences between the sub- 
stances it encounters, and of dealing with each agent, conformation or 
grouping individually gives the immune mechanism its most important 
characteristic—specificity. The other distinguishing quality of the spe- 
cific immune mechanism is its memory—its capacity to call upon its 
prior experience with an agent, or antigenic grouping, and to marshall 
its response rapidly upon re-encountering it. A mechanism which can 
at once recognize and deal with simple chemicals, polysaccharides, 
proteins, microorganisms and portions of each is not a simple one. The 
cliché “antigen-antibody reaction,” frequently used to connote the ex- 
tremely complex ramifications of immunity, is an unfortunate over- 
simplification. 

Although many of the complexities are still poorly understood, it 
is now clear that the immune response to a single stimulus is usually 
qualitatively multifold, involving the production of both cells and 
cell products which carry the antigen’s complementary configuration, 
the host’s contribution to the specific interaction. 


Components of the Specific Response 


The responding host’s reticuloendothelial system produces at least four 
major types of carriers for the configuration complementary to the 
antigen which stimulated it—a mononuclear cell, a high-molecular- 
weight globulin, a low-molecular-weight globulin, and a globulin with 
the property of becoming fixed to tissue. This division is arbitrary, and 
based upon easily defined characteristics, rather than the method of 
interaction (i.e., agglutination, precipitation, and so on), which has 
been shown to be inadequate.*® Doubtless redivision of this useful 
grouping will occur and further additions will be made with future 
investigation. Some characteristics of each type of carrier and known 
ontogenic facts about each will be described. 

Tue Cet. A cell-bound specific site is possibly the most phylogeneti- 
cally primitive component of the immunologic response. In man and 
higher animals it is recognized in the manifestations of delayed, tuber- 
culin-type or bacterial-type hypersensitivity.2° When the appropriate 
antigenic material is injected into the skin, the sensitive host will 
mobilize a specific inflammatory response which becomes apparent by 
the sixth hour after injection and reaches maximum intensity between 
24 and 36 hours later. This reaction does not depend upon any humoral 
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factor—it cannot be transferred from one individual to another by 
any component of cell-free plasma. However, it can be transferred by 
means of leukocytes, probably lymphocytes. For example, tuberculin 
sensitivity can be induced in a tuberculin-negative person by injection 
of 0.2 ml. of packed peripheral leukocytes from a sensitive donor.” As 
far as is known, this type of reaction fails to pass the placental barrier 
and appear in the infant. 

The antigen directly interacts with a specific site thought to be on the 
cell surface, with resulting injury of the cell. The major site of produc- 
tion of these cells is probably the lymph node. Their precise function 
in the response to injury or disease is poorly understood, but they appear 
to play a role in the early identification, immobilization and perhaps 
localization of antigen. This has been particularly well shown in BCG- 
vaccinated persons.*® The cell-bound component is undoubtedly im- 
portant in the pathogenesis of tuberculosis and related diseases, in resist- 
ing viral and bacterial agents, and in certain drug reactions. Its impor- 
tance is postulated, but less certain under other circumstances, such as in 
the complex response to streptococcal infection represented by rheu- 
matic fever. 

There is some evidence that the capacity for this type of response 
is present, though not fully developed, at birth and during the early 
weeks of infancy. Infants given living BCG vaccine at birth develop a 
positive tuberculin reaction by the fourth week of age in over 95 per 
cent in some series (‘Table 1).1* In general, the intensity of tuberculin 
reactions in sensitive persons increases with age; one commonly ob- 
serves a minimally positive reaction in a child with primary tuberculosis 
compared to the same type of disease in an adult, in whom the re- 
action is often severe. 

Eitzman and Smith, in unpublished studies which are presented in 
Table 2, have found that hypersensitivity to streptococcal nucleo- 
protein, presumably acquired in the course of natural infections, is 
rarely present before one year of age and becomes nearly universal at 


TABLE 1. Response to Tuberculin Test after BCG Vaccination 


AGE AT VACCINATION RESULTS OF TUBERCULIN TEST (100 T.U.) 
(DANISH BCG ) 
PERCENTAGE WITH GREATER THAN 5-MM. INDURATION AT 
INTERVALS AFTER VACCINATION 





4 Weeks 5 Weeks 6 Weeks 
PRO. wk. ees 82 92 95 
1-12 months....... .. 100 95 95 
Geer 03 mentees... ....<... 100 100 -~ 





From data of W. Gaisford: Brit. M.7. 2:1164, 1955. 
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TABLE 2. Skin Response to Streptococcal Nucleoprotein in Relation to Age 


AGE GROUP PROPORTION OF POSITIVE REACTIONS 
IN AGE GROUP TESTED * 





Sa Sere dee asaeaees 0/100 
5 days—2 months. . rs .. 0/8 
2 months—1 year. . .... 0/20 
1 year-6 years. . - . 11/24 (16/34) 
eI a? ow cnn ard scan iia .. 7/9 (40/44T) 





* Reactions of 5-mm. induration or greater, 24 hours after injection of 10 U. SKSD 
(Lederle), intradermally in volar surface of forearm. 

t Data of Good * for infants one to 5 years and 6 to 16 years of age with same antigen 
in similar populations. 


8 to 10 years of age. This pattern parallels in an interesting way the 
changing pattern of the clinical response to streptococcal infection 
best described by Powers and Boivert,** although no direct evidence for 
such relationship exists. The low incidence of drug hypersensitivity in 
young infants and children as compared with adults is well known. 

Recently failure of newborn and young infants to accept transfer 
of hypersensitivity from known positive donors has been reported.*® It 
has not been established whether the young infant fails to produce the 
cell-bound reaction sites in the course of an immunologic response or 
that the injury such cells sustain upon contact with specific antigen 
does not bring forth the characteristic vigorous inflammatory response. 
The BCG response and other data available favor the latter view. 
Indeed, many infections in which the cell-bound response is thought 
to be of primary importance are normally resisted by young infants, 
even those who have no capacity for other types of immune response 
(agammaglobulinemia—see p. 397). This suggests that the apparent 
defect in the young infant may stem simply from dependence upon a 
method of testing which requires a vigorous inflammatory response for 
an end point. Pertinent to this argument are recent studies which show 
that the newborn human infant’® mobilizes a nonspecific inflammatory 
response which is both qualitatively and quantitatively different from 
that of the older child and adult. 

Hicu-Mo.ecuLar-WEIcHT GLOBULIN (MACROGLOBULIN ANTIBODIES). 
Most recently recognized and investigated, this carrier of specific sites 
is a cell product—a gamma-l globulin, occasionally gamma-2 globulin 
with an average molecular weight of about 1 million (sedimentation 
constant—19S).'! By immunoelectrophoresis it is identical with the 
BeM band (Fig. 4).1* It accounts for some 3 to 10 per cent of gamma 
globulin in adult human serum.'* It is an unusual protein in that it is 
made up of subunits of about the molecular weight of 7S globulin, 
loosely bound together by disulfide linkages. This humoral antibody 
is detected by its capacity to interact with its antigen, the resultant 
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combination causing agglutination of the antigen particles (i.e., red 
blood cells, motile Salmonellae, and so on), fixation of complement, or 
similar phenomena. Among the well known antibodies, the Wasser- 
mann antibody, the saline active isohemagglutinins (A, B and Rh) and 
the antibodies against the somatic polysaccharide of coliform organisms 
are macroglobulins. The rheumatoid factor and an antithyroid antibody 
are “abnormal” macroglobulins with specific affinity for altered 7S 
gamma globulin and thyroglobulin, respectively. 

Macroglobulins do not pass from the mother to the infant in ap- 
preciable quantities. For example, as shown in Figures 5 and 6, the 
typhoid O antibody, a macroglobulin, failed to appear in most infant’s 
cord blood, whereas the “H” antibody, which may be a 7S globulin 
in adults, did appear. Franklin and Kunkle’? found very low levels of 
total 19S globulin in cord blood as compared with maternal levels, and 
Schiedeggar** has found BM deficiency in young infants. Studies in 
the author’s laboratory in collaboration with D. V. Eitzman, B. Miller 
and M. Canto have substantially confirmed both these observations. 


7S Gamma globulin (%) 
19S Gamma Globulin (B.M) 





Fig. 4. Immunoelectrophoresis of serum of a normal young adult showing 2 of the 

immune globulin bands. The electrophoresis was performed in agar, with barbital 
buffer at pH 8.6, » = 0.1; the antihuman horse antiserum added to the trough on 
each side was obtained from The Pasteur Institute. The albumin band is not shown, 
since it diffused off the agar slab. 
The cell of origin has not yet been identified with certainty, but it ap- 
pears in newborn infants not to be a plasma cell.** #* Recent studies, 
however, suggest that 19S rheumatoid factor in adults is produced in 
plasma cells.2° Another possible clue may be found in the disease macro- 
globulinemia, described by Waldenstrom, in which this protein is pres- 
ent in huge quantities in the circulation. In the bone marrow and lymph 
nodes of such patients there appear no unusual numbers of plasma cells, 
but great numbers of a cell resembling a medium lymphocyte. 

Again, the specific function of this cell product in the total immune 
response is not understood. By its very size it would have predictable 
ease in causing aggregation of large particles such as red blood cells or 
bacterial bodies.4® Whether this antibody has neutralizing, opsonizing, 
protective or other qualities is not fully explored. 

Recently it has been shown that the capacity to make a macro- 
globulin antibody is one of the first acquired by the human infant.*® 
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Infants given Salmonella antigens at birth often develop high titers 
of “H” agglutinin at 7 and 14 days of age, and all the antibody pro- 
duced is a macroglobulin (Fig. 7). Older infants appear to respond by 
early production of macroglobulin antibody followed by lower-molec- 
ular-weight material. In adults only the earliest phase of the response 
to Salmonella antigens also appears to include the production of this 
particular type of antibody. The titer to which the response is made is 
usually as high in infants as in adults, or higher; i.e., no quantitative 
deficiency in this system is apparent in early life. Thus macroglobulins 
may possibly have a major role in the defense mechanisms in early 
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Fig. 5. Comparison of the maternal and cord blood titers of diphtheria antitoxin 
(A) and H. pertussis agglutinins (B). The pertussis agglutinins are variable in pla- 
cental passage, and the diphtheria antitoxin shows nearly quantitative passage. The 
latter has been identified with the 7S fraction, but the former has not been examined 
in this respect. Compare this figure with Figure 6. (From L. S. Goerke, P. Roberts 
and J. M. Chapman: Neonatal Response to DTP Vaccines. Pub. Health Rep., Vol. 


73.) 


infancy. Whether they might also have a part in some of the syn- 
dromes believed due to altered or self-directed immunity, such as in- 
fantile eczema, remains to be seen. 

Low-Motecutar-Weicur Gtosuin. This carrier of specific im- 
mune sites is the most well studied and understood of the cell products. 
It is a gamma-l globulin of molecular weight 160,000 (sedimentation 
constant, 7S) and comprises over 90 per cent of all gamma globulin in 
human serum. It is widely accepted, but not proved, that human gamma 
globulin represents the host’s complement of antibody globulin, there 
being no nonantibody globulin. These antibodies are detected by their 
agglutinating, precipitating, neutralizing, antitoxic, complement-fixing 
and other qualities. Examples are tetanus antitoxin, influenza, measles 
and poliomyelitis antibody, and pertussis agglutinin. Much evidence 
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Fig. 6. Comparison of the maternal and cord blood titers of the somatic “O” 
antigen (A) and the flagellar “H” antigen of E. typhi (B). The “O” typhoid ag- 
glutinins, which are 19S globulins, fail to appear in the cord blood, in contrast to the 
“H” flagellar agglutinins, which may be 7S globulins. Compare this figure with 
Figure 5. 


strongly indicates that this type of antibody is a product of a cell 
morphologically classified as the plasma cell.** It appears in cord blood 
in equal or slightly higher titer than in the mother, and is thus as- 
sumed to pass the placenta easily (Figs. 5, A, and 6, B). 

Both direct and indirect evidence exists to show that the capacity 
to produce detectable quantities of this cell product as a part of the 
specific immune response does not develop before four to eight weeks 
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Fig. 7. Results of immunization of an 1800-gm. infant with E. typhosa vaccine 
(0.05 ml. intradermally in 2 sites) on the day of birth. At 2 weeks of age when the 
flageller agglutinin titer was 1:160, the serum was examined in the analytic ultracentri- 
fuge at 56,240 r.p.m. (Spinco, Model E) by a modification of the technique of Waugh 
and Yphantis.19 In this type of fractionation all the 19S material is in the fraction 
labeled “below” and the 7S fraction is distributed in both “above” and “below” 
fractions. It will be seen that the agglutinin activity is entirely in the lower fraction, 
indicating that it is of the higher-molecular-weight variety. 


of age in the human infant.5 The time of acquisition of this capability 
appears to vary considerably from infant to infant. The failure to pro- 
duce 7S globulin in the neonatal period is associated with a chrono- 
logically parallel lack of plasma cell development, the first evidence of 
plasma cell development coinciding with the first 7S antibody produc- 
tion. The early total absence of demonstrable 7S antibody production 
gives way to a quantitatively poor capacity which does not reach full 
adult capability for several years. Nonphysiologic effects mediated 
through this type of antibody are the classic anaphylactic response, 
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Arthus-type lesions, and serum sickness. Clinical expressions of each of 
these conditions are extremely rare in young infants and uncommon in 
young children. 

Sxrn-SENsiTIziInG CELL Propucrs. As they have no well established 
“physiological” role in resistance to infection or the elimination of 
noxious antigens—indeed, they are harmful in the opinion of most— 
this group of cell products perhaps does not belong in a description 
of the ontogeny of the immune mechanism. However, they do occur 
in infants under some circumstances in the spectrum of the response 
to a given antigenic stimulus, and thus deserve consideration. 

The physical-chemical attributes of skin-sensitizing antibody (often 
termed reagin) are still somewhat in doubt. The bulk of data, however, 
indicates that it is a gamma-l or gamma-2 globulin. Its sedimentation 
characteristics, composition and structure are the subject of conflicting 
data. Most of this difficulty stems from reagin’s lability, the lack of 
experimental models, the need for human volunteer testing in its 
identification (Prausnitz-Kiistner reaction), the extremely small quan- 
tity which any one human being produces, and perhaps the individual 
variations encountered in its characteristics. 

Its characteristics*® include heat-lability, activation which requires 
tissue fixation, lack of neutralizing capacity, and nonprecipitibility when 
combined with antigen in vitro. The cell of origin is unknown. Classi- 
cally, it is demonstrated in a sensitive person by injection of antigen 
extract (ragweed, for example) intradermally, with the immediate (5 
to 15 minute) development of erythema, wheal and flare. This reaction 
is in some way associated with histamine release. The capacity for this 
type of response to natural environmental stimuli may not be present 
in all persons. Available data suggest that the well established familial 
transmission of many allergic states* may depend upon the inherited 
capacity to produce this type of antibody. For example, Kuhns and 
Pappenheimer’® found a strong correlation between allergic history 
and the production of skin-sensitizing antibody to diphtheria toxoid 
after hyperimmunization. 

Reagins do not appear in the cord blood of the human infant despite 
high levels in the mother.* However, the newborn’s and young infant’s 
skin has the capacity to “fix” injected reagin, as indicated by the wheal 
and flare which follow specific antigen injection 48 hours after intra- 
dermal injection of a reagin containing serum.5® The quantitative 
aspects of this response in the young infant have not been thoroughly 
studied. The development of allergy apparently associated with skin- 
sensitizing antibody can occur early in infancy. For example, the 
scratch test reactions to milk antigen in infants? have a high positive 
correlation to clinical “milk allergy.” Most physicians dealing with 
allergic states feel, however, that cause and effect cannot be regularly 
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deduced by skin testing of infants and small children. This is based 
upon the infrequent presence of easily characterized skin-sensitizing 
antibody. Much more needs to be learned of the role of this type of 
antibody in allergic disease, particularly in its genetic aspects. 
Nonspeciric ELEMENTS AFFECTING THE SPECIFIC IMMUNE RESPONSE. 
The components of the specific response described above are not the 
only significant elements in immunity. Complement, properdin, bac- 
teriocidal substances, leukocyte products—each has a demonstrated 
behavior in vitro which affects specific immunologic interactions in 
young infants as in adults. These will not be considered here, however. 


The Sequence of Events in Immunity 


The sequence of events which occur after antigenic material has 
entered the host is still not well understood. It is commonly divided 
into an “inductive” phase, in which the material is recognized as anti- 
genic, and a “productive” phase, in which antibody is produced and 
enters the circulation. The available data are most widely interpreted 
in terms of two basic concepts. 

1. The production of specifically oriented protein globulin in the 
productive phase is conceived as a special case of protein synthesis, 
which at least in the basic construction of the molecule involves a 
template, presumably ribonucleoprotein, analogous to other proteins. 
The means by which the specific complementary sites are incorporated 
into the molecule is by no means agreed upon. Recent interesting 
studies by Porter and colleagues** and by Putnam** suggest that the 
antibody molecule may be constructed from three moieties of smaller 
molecular size, one of which is common to all antibody globulin, and 
two which differ in amino acid content and carry the specific site. 

2. Agreement exists on the concept that the inductive phase of the 
immune response occurs intracellularly soon after contact with antigen, 
and that the origin of the specific site on the antibody molecule results 
directly or indirectly from this intracellular interaction with the spe- 
cific antigen. Two major schools of thought are current in explaining 
how this occurs. The older or template theory (Pauling-Pressman- 
Haurowitz) concerns the need for antigen in some form to remain in 
appropriate cells within the host indefinitely, and to act as templates 
on which the specific sites are molded into the gamma globulin mole- 
cule or on the cell surface. The newer concept, formulated by Jerne, 
Talmage, Burnet, Lederburg’* and others, holds that antigenic con- 
tact results in the selection of cell populations within the reticulo- 
endothelial system which genetically have high specific affinity for the 
given antigens. These select cells, according to this concept, proliferate 
upon contact with antigen and enter a productive phase with the result 
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that the cell or cell product is available to the host’s defense. This 
attractive hypothesis best accounts for the recently demonstrated variety 
of components of the immune response, the phenomenon of recall 
immunity familiar clinically, and for the timing of the various events. 
Experimental evidence is already accumulating to support this general 
theoretical framework, and the next few years will undoubtedly witness 
alterations and additions as data accumulate. 

Pappenheimer**: ** views the sequence of events in a somewhat dif- 
ferent way. He postulates that the first phase of the immune response 
is the development of hypersensitivity (cell-bound specific site), later 
phases of antibody production occurring with appropriate antigen and 
sufficiently intense stimulation. Najjar?® postulates still another mech- 
anism—the formation of more and more complex antibodies, a snow- 
balling effect, depending upon the concept that host globulin-antigen 
combination is a new antigen for the host. 

These last two theories, like others, have proved useful in suggesting 
further experiments. The plethora of theories, however, clearly indi- 
cates that the sequence of events in immunity is yet to be solved. 
Moreover, it seems probable that immunologic events occurring earlier 
than indicated by the presence of any of the known type of cells or 
cell products will be discovered; and it would be predicted that such 
manifestations would be best sought in systems which require early 
successful defense against toxic bacterial or viral products. 


Factors Affecting Antigenicity 


The type of response evoked by a given antigen or agent is determined 
by a number of factors, some of which have clinical significance. The 
generalizations below are useful ones, but subject to more exceptions 
than those mentioned. 

Size or AnTIcEN. Large molecules, generally speaking, and particu- 
larly complex arrangements such as bacterial or viral bodies, induce an 
earlier and quantitatively more intense immune response than the 
smaller, or soluble, ones. Soluble antigens are more effective if rendered 
insoluble by means which do not alter their antigenic structure—e.g., 
alum precipitation of diphtheria toxoid. The size of antigen molecules 
also affects the qualitative aspects of the immune response. Bacterial 
bodies give rise to antibody with characteristics which differ from those 
induced by smaller soluble molecules. The significance of size is not 
entirely clear, but it seems to be related to susceptibility to phagocy- 
tosis by inductive cells. In infants the capacity to recognize substances 
as antigenic is more definitely related to size and solubility of the cell 
or molecule than at other times of life, as will be discussed below. 

Route or Injection. Effective antigenic stimulation must reach the 
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sites of induction and production. The most accessible and clinically 
useful site is the lymph node, particularly when using particulate anti- 
gens (bacterial, viral, and so forth). An intradermal injection, in 
accomplishing this, is essentially an intralymphatic injection. Subcu- 
taneous or intramuscular injections act as depots from which slow 
continuous absorption, thus theoretically continual stimulation, results. 

CuemicaL Nature or ANTIGEN. Complex molecules are in general 
better antigens than simple ones. However, some polysaccharides are 
poor antigens, and lipids have no demonstrable antigenic capacity. 
Relatively simple molecules, such as drugs, act as antigens only when 
combined with or coupled as haptens on a carrier substance of intrinsic 
or extrinsic origin. For example, simple chemicals such as 2, 4-dinitro- 
fluorobenzene and related compounds must combine with a component 
of skin in order to induce a specific immune response. 

STATE oF ANTIGEN. Living antigens, either in the course of natural 
infection or as attenuated vaccines which result in a symptomatic or 
asymptomatic infection (e.g., yellow fever, poliomyelitis), induce im- 
munity of longer duration and effectiveness than the same agents 
injected as killed vaccines by any route. This may be due to the num- 
bers and quality of antigenic components in each instance or, according 
to some investigators, persistence of the living antigen as a result of 
intracellular parasitism. 

Amount oF ANTIGEN. In general, antigenic stimulation results in a 
quantitatively greater antibody response with large doses than with 
small doses of antigen within limits which are different with every 
type of antigen. Under some circumstances extremely large amounts 
of an antigen will result in inhibition of the immune response, particu- 
larly when given in the neonatal period.*® #4 No clinically significant 
examples of such immunologic unresponsiveness are known to occur 
in the course of immunization as currently practiced. However, sug- 
gestive evidence is available that this phenomenon occurs in the new- 
born treated for tetanus with large amounts of horse antitoxin (Fig. 
8). The infant handles this protein catabolically in the same fashion 
that demonstrably unresponsive experimental animals do. Similarly, 
refractiveness to pneumococcal polysaccharide immunization has been 
shown in some adults who have recovered from severe pneumococcal 
pneumonia. The concept of unresponsiveness is only beginning to be 
explored and may in the future prove to have considerable clinical 
application. 

Apyuvant Errecrs. Antigenic stimulation may be sustained and 
enhanced by incorporation of the material into a water and oil emul- 
sion or by precipitation with alum or similar substances as described 
by Freund. The use of adjuvants has been recently applied in an 
attempt to sustain the desensitizing effects of pollen injection in allergy 
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Fig. 8. Semilogarithmic plot of the disappearance of horse gamma globulin anti- 
toxin (HoGG) from the serum of an infant given 5 gm. (100,000 units) on the 
eighth day of life for tetanus neonatorum. Measurements are immunochemical de- 
terminations in duplicate. At no time did he show immune type elimination, or there- 
after show positive skin or ocular test for horse gamma globulin sensitivity. (From 
unpublished studies of Dr. D. V. Eitzman.) 


patients. The occurrence of local reactions has seriously handicapped 
this approach, however. 

Use or Muttiete ANTIGENS IN OnE Injection. All the above-men- 
tioned factors apply to the individual components of any mixture of 
antigens, closely or remotely related, and would determine the response 
to the antigen independently of the others. There is little evidence 
that specific significant interference between antigens occurs when 
these other factors are equalized. Therefore there is, theoretically at 
least, no limit to the number of antigens to which a person may 
respond at one time. The practical limits of this possibility do not 
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appear to have been reached with current mixtures containing four 
components: diphtheria, tetanus, pertussis and poliomyelitis. Whether 
it will be practical (or desirable) to broaden this to include protection 
against the enteroviruses, myxoviruses or measles virus remains to be 
shown. 


SPECIAL ASPECTS OF THE ACTIVE IMMUNE MECHANISM IN YOUNG 
INFANTS 


The very fact that the human fetus spends its gestation period within 
the mother presents to the immunologist a number of practical, as 
well as fascinating, theoretical problems. Most interesting is that this 
very arrangement is in violation of the general biologic axiom of the 
unacceptibility of a tissue homograft from one individual of a species 
to another genetically distinct individual of that species.* 

Since homograft rejection has a well demonstrated immunologic 
basis, pregnancy might be thought of as requiring a subversion of 
the immune mechanisms of the infant and/or the mother in order to 
be sustained. If this hypothesis is valid, the alterations in immune 
responsiveness necessary for full-term gestation would undoubtedly 
persist for at least a short time after parturition. All indications are 
that the mother’s immune mechanism is at least quantitatively normal 
during pregnancy. Immunization against several different diseases dur- 
ing pregnancy is successfully used to protect the infant passively by 
placental transmission of antibody. Iso-immunization to Rh, ABO and 
other blood group factors, to platelet factors and leukocyte factors also 
indicates the competency of the mother’s immune mechanism. There- 
fore a defect, if extant, would have to be sought in the infant. 

The human fetus is usually assumed to be completely incompetent 
immunologically, and the newborn infant has demonstrated qualita- 
tive as well as quantitative defects in its capacity. In view of the 
successful resistance of the infant to viral and bacterial infections and 
the fact that some type of antibody formation does occur (see above), 
it is difficult to conceive that the fetus is completely naive immuno- 
logically. In experimental animals, direct and indirect evidence of 
neonatal and prenatal immune reactions has been elucidated. Plasmacy- 
tosis has been observed in the human fetus infected by Treponema 
pallidum and Toxoplasma gondii. The question of the immune capacity 
of the fetus could therefore be reopened with considerable promise as a 
fruitful field of investigation. 

As suggested in another section, the ontogeny of the active immune 
mechanism in the human infant must be considered qualitatively as 


* Exceptions to this in human beings are fraternal twin chimerae. Artificially in- 
duced chimerae have been well studied in animals and are the subject of a growing 
literature. (See Billingham et al., Acquired ‘Tolerance. ) 
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well as quantitatively. The former aspect is just beginning to be 
understood. Available evidence suggests that the earliest demonstrated 
manifestation of active antibody formation is that stimulated by the 
flagellar antigen of coliform organisms, and these antibodies are 
macroglobulins. Some evidence suggests that this antibody differs in 
several respects from the macroglobulin antibody formed in adults. 
The capacity to produce this antibody is present in most infants at or 
shortly after birth. The infant can develop the cell-bound hypersensitiv- 
ity type of response by the third week of age at least, this capacity prob- 
ably having been present from the time of birth according to the data 
on BCG vaccination. 

The ability to produce 7S globulins, with the appearance of the 
plasma cell, develops later, varying among infants, from two to five 
weeks of age. The data of Osborne and co-workers, who compared 
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Fig. 9. Response to diphtheria toxoid immunization on infants of varying age. 
Antitoxin titer is graphed on logarithmic scale. (Taken from Osbome et al.,29 Pedi- 
atrics, Vol. 9.) 


groups of premature infants immunized at birth and at estimated gesta- 
tional age with diphtheria toxoid, showed that the ability to develop 
this type of antibody was a function of the duration of extrauterine 
existence, not maturity (Table 3). 

The capacity to achieve higher and higher antibody titers in response 
to an antigenic stimulus increases gradually with age in the human 
infant as well as the experimental animal. By one year of age most 
infants respond to a series of immunizing injections with high titers of 
antibody. Recent studies by Diechmiller and Dixon® indicate that this 
quantitative deficiency is not due to increased destruction of gamma 
globulin; newborn rabbits produce very small amounts of this protein. 
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TABLE 3. Comparison of Antitoxin Response to Diphtheria Toxoid of Premature and 
Full-Term Infants 


MONTHS AFTER IMMUNIZATION NUMBER WITH MEASURABLE LEVELS TO NUMBER STUDIED 





PREMATURE INFANTS FULL-TERM INFANTS 
At Birth At Estimated First Week First Week 
Birth Date 
1 1/8 7/7 1/8 1/7 
2 5/8 6/6 5/8 5/6 
3 4/5 3/3 








Calculated from data of Osborne et al.*! 


These generalizations apply only to the 7S type of antibody response. 
No adequate quantitative data are available on the other types of 
antibody or cellular response, except for the antiflagellar macroglobulin 
mentioned earlier. 

The development of titers of “natural antibodies” such as isohemag- 
glutinins and Escherichia coli agglutinins (which are usually macro- 
globulins) proceeds in parallel fashion throughout the first year of life 
(Fig. 10). Present information no longer permits the conclusion that 
these antibodies are “natural” in the sense that they appear in the 
absence of an antigenic stimulus, as was previously postulated. Indirect 
evidence indicates that these antibodies result from contact with anti- 
gens ubiquitous in nature, which are closely related chemically to the 
polysaccharides of the blood group substances and the lipopolysac- 
charides of the coliform organisms.*7: 44 The strong cross reaction be- 
tween blood group B substance and E. coli 026 is an excellent example. 

Few of the factors which affect the rate of development and the 
quantitative adequacy of the immune response in infants are under- 
stood. An important development may, however, be heralded by work 
with germ-free animals by Thorbecke** and by Gustafsson and Laurell'* 
and others. These investigations have shown that germ-free animals 
develop lower titers of antibody and have lower gamma globulin levels 
at comparable ages than naturally infected ones (Fig. 11). The pro- 
vision of a bacterial flora also enhanced the immune response of animals 
previously raised germ-free. As a corollary finding, plasma cell develop- 
ment paralleled the findings with respect to antibody formation. Such 
studies have suggested the concept that the “normal” bacterial flora 
may act as an adjuvant or activator of the immune mechanism in the 
young mammal. Application of this concept to the human being is not 
yet possible. 

As the infant lives he encounters and is infected with multiple 
bacterial and viral agents. With each infection an active immunologic f; 
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Fig. 10. Graphic depiction of development of so-called natural antibodies to E. Coli 
026, and to blood group substances in a group of infants. Note parallel rise in titers 
of antibody to these related polysaccharide materials. A composite diagram based upon 
the data of Neter et al.27 and Happ.18 


response occurs in the normal infant, and a degree of immunity results. 
With many bacterial infections—but particularly with viral infections 
—the immunity which results is probably permanent. For example, 
active immunity to the group A streptococcus and to the pneumococ- 
cus is type-specific and relatively permanent. Permanent immunity is 
accepted as following measles and chickenpox. It is now becoming 
evident that a similar concept of permanent immunity may be applica- 
ble to the conglomeration of illnesses usually designated as respiratory 
disease. Immunity against the adenoviruses and ECHO viruses is type- 
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specific and, as far as known, long lasting. Even the common cold 
syndrome appears to be the result of a large number of agents which 
elicit specific immunity of undetermined duration. 

It appears possible, then, to think of the immune mechanism as 
enabling the infant and the child, throughout their early development, 
to accumulate a portfolio, as it were, of immunologic experience to test 
out against each new invader. The familiar face, the previously encoun- 
tered agent, elicits the recall response and prevents infection. The 
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Fig. 11. Electrophoretic patterns of the serum of rats raised “germ-free” or nor- 
mal. Note the difference in gamma-globulin components. (From Gustafsson and 


Laurell.17 


unfamiliar one initiates the primary or first response, which, if success- 
ful, is marshalled in sufficient quantity and quality to suppress the 
agent before it overwhelms the host. No longer is it necessarily logical 
to assume that a series of respiratory infections occurring in one child 
is due to a defect in his immune capacity; more probably it is due to 
a series of antigenically distinctive infective agents. 


THE ROLE OF PASSIVELY ACQUIRED IMMUNITY IN INFANCY 


The acquisition of passive immunity in the human infant occurs almost 
exclusively via the placenta. No conclusive evidence exists that colos- 
trum provides an important source of protection. This has been the 
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subject of an excellent review and several important studies by Vahl- 
quist and co-workers*® and others?* in recent years, and the reader is 
referred to these for details. Recent observations in the author’s labora- 
tory have uncovered no exceptions to the generalization that the 19S 
globulins fail to pass into the infant in significant quantity normally. 
When the mother has both 7S and 19S antibodies in her circulation, 
only the 7S passes into the infant. Perhaps variations in the proportions 
of the two varieties of antibody in the mother account for individual 
differences in placental transmission, as illustrated by the pertussis data 
in Figure 5, B, and by our experience with ABO isohemagglutinins. 

Passive transmission of antibody globulin from the mother provides 
for the infant an umbrella to cover his period of immunologic inade- 
quacy. The umbrella is, however, no more and no less than a copy 
of that part of the antigenic experience of his mother, which has 
resulted in formation of circulating antibody with the physical char- 
acteristics which permit it to pass the placental barrier. If the mother, 
for example, has not encountered the type 10 streptococcus, the infant 
will not have the benefit of any passive immune protection and will 
be entirely dependent on nonspecific protective mechanisms and active 
immunity. The role of passive immunity in protection against the first 
bowel flora is interesting to speculate upon. The infant at birth most 
often acquires his mother’s bowel flora® *° and withstands any invasion 
by these agents. No significant transplacental passage of antibody to 
the coliform agents occurs, however. This suggests that some yet un- 
described antibody-like factor may pass the placenta and provide pro- 
tection for the infant. 

The duration of effectiveness of passively acquired immunity in the 
infant varies greatly with individuals and with the specific antibody 
under consideration. As would be anticipated from the foregoing, this 
would depend primarily on the level provided by the mother and 
secondarily on the minimum level in the infant giving effective pro- 
tection. If the assumption is made that all passively acquired antibody 
globulin is of one molecular species (7S), then the average half-life of 
each antibody should be the same as that measured as gamma globulin, 
i.e., 25 to 35 days. Measured antibody degradation rates are of this order. 
At the time of birth the total gamma globulin in the cord serum is 
the same as or slightly higher than in the mother. During the first few 
months the decline in the infant’s serum is exponential, with a half-life 
of about 30 days, indicating that no significant synthesis is occurring. 

The nadir of the infant’s gamma globulin level is reached between 
two and five months of age. If the infant is synthesizing antibody globu- 
lin at a sufficient rate, serum levels then gradually increase over the 
next two to three years, when adult levels are reached. Should the infant 
have less than normal amounts of passively acquired gamma globulin 
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as a result, perhaps, of premature birth, and the active immune mech- 
anism were activated late, then the nadir value may be extremely low. 
This occurs usually at three to five months of age, occasionally in 
association with unusual susceptibility to infection, and often results 
in confusion diagnostically with true agammaglobulinemia. 

Passively transferred antibodies have a well established effect on the 
response to active immunization. This has been shown for diphtheria 
immunization by Osborne*®® (Table 4) and has been observed in our 
studies of macroglobulin antibody formation. The significance is not 
clear, however, since no differences in titers achieved on booster im- 
munization at one year are apparent, even though early titers are low 
in infants with passively acquired antibodies. 

For the convenience of the reader, Table 5 indicates the best avail- 
able information on the passive transmission of various specific anti- 
bodies across the placenta in human beings. 

The question of the therapeutic use of pooled human gamma globu- 
lin often arises in infants and children who have had a series of 


TABLE 4. Effect of Presence of Passively Transferred Antibody on Immune Response 
to Diphtheria Toxoid 


AGE AT IMMUNIZATION MEAN ANTITOXIN LEVEL AT 9 MONTHS 
OF AGE (u./ml.) 





0-2 weeks 

(passive antitoxin present)..... ; otas Or 
2-6 months 

(passive antitoxin present)..... .. 0.62 
0-2 weeks 

(no passive antitoxin present)................. ; -~ ete 





From data of Osborne et al.*! 


TABLE 5. Placental Transmission of Immunity or Antibody 





Maternal cord titers approximately 
equal in full-term gestations. . . Poliomyelitis, herpes simplex, encephalitis, 
vaccinia, measles, tetanus antitoxin, diph- 
theria antitoxin, scarlet fever antitoxin, in- 
fluenza, parotitis, toxoplasmosis, Salmonella 
**H,” blocking Rh antibodies, antistreptol- 
ysin, antistaphylolysin, rickettsia 
Considerably lower titers in cord 
blood in relation to maternal 
titers or irregular transmission...H. influenzae, dysentery, syphilis, sheep 
erythrocyte hemolysin, blocking antibodies, 
pertussis, Streptococcus MG 
No demonstrable transmission to 
fetus...Complete anti-Rh, Salmonella ‘O,” colon 
bacillus “H’ and ‘“O,” skin sensitizing, 
C-reactive protein 
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infections—particularly respiratory infections—or who simply are not 
doing well. The principles involved deserve clarification. Pools of 
gamma globulin usually purchased for this purpose represent simply 
the conglomerate experience with antigens and infectious agents of the 
individuals who make up the pool. However, if it is assumed that a 
given antibody is not equally represented in each contributor to the 
pool, then a dilution factor must be considered. If only one person 
had a given antibody, and 1000 without the antibody contributed to 
the pool, a 1:1000 dilution of that specific antibody would occur in 
preparing the pooled globulin. Such a dilution for many antibodies 
would provide ineffective protection. 

A corollary of this reasoning is that the most universally represented 
antibodies in the population contributing to the pool would provide 
the most protection, if it were indeed a protective antibody. Well 
known examples of universal antigenic experience correlating with 
effective use of gamma globulin are in measles, poliomyelitis and 
infectious hepatitis prophylaxis. The large numbers of agents possible 
and the lack of uniformity of any given adult donor’s disease experi- 
ence strongly weigh against the possibility of protection of infants 
against viral respiratory disease by the use of pooled gamma globulin. 
Although a few studies provide some statistical support for such treat- 
ment, the author feels that such a practice is of little or no value in 
infants. Selection of pool donors for a specific disease or immunization 
experience may be of considerable value in providing gamma globulin 
for specific prophylaxis in the near future. Pools of hyperimmune vac- 
cinal and pertussis globulin are already in use. 


ACTIVE IMMUNIZATION OF INFANTS—PRACTICAL ASPECTS 


The current recommendation of the American Academy of Pediatrics 
is that all infants be immunized against tetanus, diphtheria, pertussis, 
poliomyelitis and smallpox. However, the schedules of immunization 
recommended vary considerably with various official bodies, with public 
health groups and individual practitioners. The optimal time to im- 
munize against each of these four diseases is not necessarily the same. 
The earlier in life pertussis protection is provided the better, since most 
deaths from this disease occur under six months of age. Poliomyelitis 
protection is also important in early life. It does not appear as urgent 
to immunize against diphtheria and tetanus in the first months of life, 
and it is desirable to postpone smallpox vaccination until at least 6 
months of age to avoid the problem of vaccinia gangrenosa, and to 
vaccinate before 18 months of age for the lowest incidence of post- 
vaccinal encephalomyelitis. 

How early can immunization be started? The information evaluated 
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above and other data in the literature suggest that the immune 
mechanism can be activated at the time of birth or shortly thereafter. 
For example, 50 per cent of infants who received a single injection of 
pertussis vaccine at birth had measurable agglutinin at one month 
of age in one series;! about 20 per cent of infants had diphtheria anti- 
toxin circulating at this age in another study.2® 

Thus if measurable antibody is taken as the equivalent of protec- 
tion, it appears that a significant proportion of infants can benefit from 
immunization at birth. No significant untoward effects of such early 
immunization are recorded. No evidence is available that immunologic 
tolerance is evoked, rather than immunity, to any of the vaccines 
currently used. It remains to be seen whether initiation of immuniza- 
tion at birth is as effective in prevention of disease. Extensive trials to 
evaluate the effectiveness and desirability of immunization beginning 
at birth appear warranted. Such studies as are available do not yet 
justify any general recommendation of immunization at birth. 

The convenience, minimum number of individual injections, econ- 
omy and demonstrated efficiency of a combined vaccine containing 
all four recommended components appear to outweigh considerations of 
the most desirable time for each component, and to fully justify its 
use. The schedule of immunization suggested in Table 6 is based upon 
the data of Christie and co-workers at Vanderbilt University. 


TABLE 6. Recommended Schedule of Immunization of Infants 





AGE MATERIAL INJECTED 
6 weeks 
(1 month if possible) . ....0.5 ml. of 4-component vaccine 
10 weeks. . , . .0.5 ml. of 4-component vaccine 
14 weeks... .......0.5 ml. of 4-component vaccine 
Bs oectctccisd 0.5 ml. of 4-component vaccine 
Smallpox vaccination 
2 years... .. .0.5 ml. of 4-component vaccine 
Preschool... ...0.5 ml. of 4-component vaccine 


Smallpox vaccination 


Not recommended routinely, but frequently used, are vaccines 
against typhoid, paratyphoid and influenza. Immunity against influ- 
enza is strain-specific, and therefore to protect infants effectively, the 
epidemic or pandemic type and strain must be known in advance, and 
a vaccine must be made available in time to protect significant propor- 
tions of a population. This was made possible for many Americans 
during the recent Asian strain pandemic by a crash program supported 
by the U.S. Public Health Service and the pharmaceutical houses. It 
will not always be possible to do this. The usually available polyvalent 
A, B vaccine protects only against the strains represented. Routine 
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immunization is not generally recommended. When given, however, 
certain precautions must be observed. 

Systemic reactions to influenza vaccines are often severe in infants 
under 2 years of age, but rarely so in children over 10 years of age. 
These reactions are minimized through the use of small amounts of 
vaccine (0.1 ml.) given by intradermal injections rather than intra- 
muscularly in the recommended adult dose. Injection in this manner 
gives as good antibody response in children as the intramuscular route. 

Typhoid immunization is effective in preventing this disease if 
standard heat-killed vaccines are used. Again, in most parts of this 
country such vaccination is rarely needed. Standard typhoid vaccine, 
0.1 ml., intradermally in 2 sites is as effective immunologically as 1.0 
ml. intramuscularly, and is recommended. The local reactions to this, 
though visible, are less often associated with fever and a systemic 
response in the child. 


SUMMARY 


The newborn and young infant differ greatly in immunologic status 
from their more mature counterpart. The differences are both quali- 
tative in the types of immune mechanisms activated, and quantitative 
in the levels of immunity achieved. However, in many respects the 
infant is more adequate than is usually believed and, as such, capable 
of responding specifically to infections as well as active immunization. 
To cover some of his inadequacies he is dependent upon passively 
acquired antibody from his mother, but this protection has its own 
limitations. Recommendations are made to govern active immunization. 


REFERENCES 


1. Adams, J. M., Kimball, A. C., and Adams, F. H.: Early Immunization against 
Pertussis. Am. J. Dis. Child., 74:10, 1947. 

. Baumgartner, L.: The Relationships of Age and Antibody Production. Yale J. 
Biol. © Med., 6:403, 1934. 

. Bell, S. D., and Erickson, Z.: Studies on the Transmission of Sensitization from 
Mother to Child in Human Beings. I. Transfer of Skin Sensitizing Antibodies. 
]. Immunol., 20:347, 1931. 

4. Billingham, R. E., Brent, L., and Medawar, P. B.: Qualitative Studies on Tissue 
Transplantation Immunity. III. Actively Acquired Tolerance. Proc. Roy. Soc., 
S. B, 239:357, 1956. 

. Bridges, R. A., Condie, R. M., Zak, S. J., and Good, R. A.: The Morphologic 
Basis of Antibody Formation Development during the Neonatal Period. J. Lab. 
© Clin. Med., 53:331, 1959. 

Cooper, M. L., Keller, H. M., Walters, E. W., Partin, J. C., and Boye, D.: Isola- 
tion of Enteropathogenic E. Coli from Mothers and Newborn Infants. A.M.A. 
]. Dis. Child., 97:255, 1959. 

7. Dees, S. C.: Allergy to Cow’s Milk. Pepiat. Cun. Nortu America, 6:881, 1959. 

8. DeGara, P. F.: The Hereditary Disposition in Man to Develop Hypersensitivity; 


Nm 


Ww 


“Mv! 


6. 


o 








292 IMMUNITY IN INFANCY 


A Critical Review of Mechanisms of Hypersensitivity. Boston, Little, Brown & 
Company, 1959, pp. 703-712. 

9. Diechmiller, M. D., and Dixon, F. J.: The Metabolism of Serum Proteins in 
Neonatal Rabbits. Personal communication by unpublished manuscript. 

10. Eitzman, D. V., and Smith, R. T.: The Non-specific Inflammatory Cycle in the 
Neonatal Infant. A.M.A. J. Dis. Child., 97:326, 1959. 

11. Franklin, E. C., and Kunkel, H. G.: Immunologic Differences between 19s and 7s 
Components of Normal Human Gamma Globulin. J. Immunol., 78:11, 1957. 

12. Idem: Comparative Levels of High Molecular Weight (19s) Gamma Globulin 
— in Maternal and Umbilical Cord Sera. J. Lab. @ Clin. Med., 52:724, 
1958. 

13. Franklin, E. C., Edelman, H., and Kunkel, H. G.: Studies on High Molecular 
Weight Gamma Globulins and Their Complexes in Rheumatoid Arthritis; 
in V. Najjar, ed.: Immunity and Virus Infection. New York, John Wiley & 
Sons, Inc., 1959. 

14. Gaisford, W.: Protection of Infants against Tuberculosis. Brit. M.J., 2:1164, 
1955. 

15. Good, R. A., and Zak, S. J.: Disturbances in Gamma Globulin Synthesis as Ex- 
periments of Nature. Pediatrics, 18:109, 1956. 

16. Grabar, M., and Williams, G. A.: Immuno-electrophoretic Studies of Serum Pro- 
teins. I. The Antigen of Human Serum. J. Immunol., 74:158, 1955. 

17. Gustafson, B. E., and Laurell, C. B.: Gamma Globulins in Germ Free Rats. J. 
Exper. Med., 108:251, 1958. 

18. Happ, W. M.: Appearance of Isoagglutinins in Infants and Children. J. Exper. 
Med., 31:313, 1920. 

19. Kuhns, W. J., and Pappenheimer, A. M., Jr.: Immuno-chemical Studies of Anti- 
toxin Produced in Normal and Allergic Individuals Hyperimmunized with 
Diphtheria Toxoid. J. Exper. Med., 95:363, 1952. 

20. Lawrence, H. S.: Homograft Sensitivity—An Expression of the Immunologic 
Origins and Consequences of Individuality. Physiol. Rev., 39:811, 1959. 

21. Idem: The Transfer of Hypersensitivity of the Delayed Type in Man; in H. S. 
Lawrence, ed.: Cellular and Humoral Aspects of Hypersensitivity States. New 
York, Paul B. Hoeber, Inc., 1959, pp. 279-318. 

22. Lederberg, J.: Genes and Antibodies. Science, 129:1649, 1959. 

23. Lindberg, R. B., and Hunter, D. H.: Antibodies for Pathogenic and Nonpatho- 
genic Serotypes of E. Coli in Human Colostrum and Serum. Fed. Proc., 16: 





422, 1957. 
24. McMaster, P. D.: The Sites of Antibody Formation; in A. M. Pappenheimer, ed.: F 
The Nature and Significance of the Antibody Response. New York, Columbia ' 
University Press, 1953. 4 


25. Mellors, R. C., Heimer, R., Corcos, J., and Korngold, L.: Cellular Origin of 
Rheumatoid Factor. J. Exper. Med., 110:875, 1959. 

26. Najjar, V., and Robinson, J. P.: A Unified Concept of Immunologic Reactions 
and Allergic States; in V. Najjar, ed.: Immunity and Virus Infection. New 
York, John Wiley & Sons, Inc., 1959, pp. 71-91. 

27. Neter, E., Westphal, O., Ludaritz, O., Gino, R. M., and Gorzynski, E. A.: 
Demonstration of Antibodies against Enteropathogenic E. Coli in Sera of 
Children of Various Ages. Pediatrics, 16:801, 1955. | 

28. Nordbring, F.: The Failure of Newborn Premature Infants to Absorb Antibodies ij 
from Heterologous Colostrum. Acta paediat., 46:569, 1957. : 

29. Osborn, J. J., Dancis, J., and Julia, J. F.: Studies on the Immunology of the if 
Newborn Infant. I. Age and Antibody Production. Pediatrics, 9:736, 1952. | 

30. Idem: Studies of Immunology of the Newborn Infant. II. Interferences with i 
Active Immunization by Passive Transplacental Circulating Antibody. Pedi- 
atrics, 10:328, 1952. 

31. Osborn, J. J., Dancis, J., and Kunz, H. W.: Studies of Immunology of the New- 
born Infant. IV. Antibody Formation in Premature Infants. Pediatrics, 12:151, 

1953. 
32. Pappenheimer, A. M., Jr., and Freund, J.: Induction of Delayed Hypersensitivity 


ge 











a Reali tenes EIEN 


RICHARD T. SMITH 293 


to Protein Antigen; in H. S. Lawrence, ed.: Cellular and Humoral Aspects of 
the Hypersensitivity States. New York, Paul B. Hoeber, Inc., 1959, pp. 67-88. 


3. Pappenheimer, A. M., Jr., Uhr, J. W., and Salvin, S. B.: Induction of Hyper- 


sensitivity of the Delayed Type in Guinea Pigs by Means of Antigen Antibody 
Complexes. J. Exper. Med., 105:11, 1957. 


. Porter, R. R.: Separation and Isolation of Fractions of Rabbit Gamma Globulin 


Containing Antigen and Antibody Combining Sites. Nature (London), 182: 
670, 1958. 


. Powers, G. F., and Boivert, P. L.: Age as a Factor in Streptococcosis. J. Pediat., 


25:481, 1944. 


36. Putnam, F.: Physiochemical, Immunochemical and Isotopic Turnover Studies of 


the Abnormal Serum and Urinary Proteins. New England J. Med., 261:902, 
1959. 


. Schiedegger, J. J., and DuPan, R. M.: Etude immunoelectrophoresis des pro- 


teines seriques du nouveau en étude nourisson. Etudes Néo-natales, 6:135, 


1957. 


38. Sherman, W. B.: Reagenic and Blocking Antibodies. J. Allergy, 28:62, 1957. 
. Smith, R. T.: Observations on the Early Manifestations of Immunity and Hyper- 


sensitivity in Infants; in Ciba Foundation Symposium on Cellular Aspects of 
Immunity. London, J. & A. Churchill, Ltd., to be published. 


. Idem: Studies on the Mechanism of Immune Tolerance; in Symposium on the 


Mechanism of Antibody Formation. Prague, Czechoslovak Academy of Sci- 
ences, to be published. 


. Smith, R. T., and Bridges, R. A.: Immunological Unresponsiveness in Rabbits 


Produced by Neonatal Injection of Defined Antigens. J. Exper. Med., 108:277, 
1958. 


. Smith, R. T., Platou, E., and Good, R. A.: Septicemia of the Newborn. Pedi- 


atrics, 17:549, 1956. 


. Smith, R. T., Miller, B., James, J., and Eitzman, D. V.: Formation of a Macro- 


globulin Agglutinin by Neonatal Infants. Science, to be published. 


. Springer, G., in S. J. Foman, ed.: Immunity and Resistance to Infection. Co- 


lumbus, Ohio, 29th Ross Pediatric Research Conference. 


. Strom, L.: Experiments with Radioactive Calmette (BCG) Vaccine. Acta 


paediat., 39:453, 1950. 


. Talmage, D. W.: Qualitative Differences in Antibodies; in Henry Ford Hospital 


Symposium: Mechanism of Hypersensitivity. Boston, Little, Brown & Com- 
pany, 1959, pp. 3-18. 


7. Thorbecke, G. J., Gordon, H. A., Wosiman, B., Wagner, M., and Reyniers, J. A.: 


Lymphoid Tissue and Serum Gamma Globulin in Young Germ Free Chicks. 
]. Infect. Dis., 101:327, 1957. 


. Vahlquist, B.: Transfer of Antibodies from Mother to Offspring; in Advances in 


Pediatrics. Chicago, Year Book Publishers, Inc., 1958, Vol. 10, p. 305. 


. Warwick, W., Good, R. A., and Smith, R. T.: Failure of Passive Transfer of 


Hypersensitivity in Newborn Infants. J. Lab. @ Clin. Med., to be published. 


. Wilson, S. J., and Walzer, M.: Absorption of Undigested Proteins in Human 


Infants. IV. Absorption of Unaltered Egg of Protein in Infants and Children. 
Am. J. Dis. Child., 50:49, 1953. 


University of Florida 
Gainesville, Fla. 

















VIRUSES NEWLY ISOLATED FROM THE 
UPPER RESPIRATORY TRACT 


FLOYD W. DENNY, JR., M.D. 


The most common illnesses suffered by man are nonbacterial infec- 
tions of the upper respiratory tract. A study in a group of Cleveland 
families** showed that respiratory infections accounted for two thirds 
of all illnesses, the average incidence being over six respiratory infec- 
tions per person per year. Less than 10 per cent of these illnesses 
involved the lower respiratory tract, and less than 3 per cent were 
caused by bacteria. In a study of hospitalized university students 
Evans** reported that less than 10 per cent of all respiratory illnesses 
were caused by recognized bacteria and that 60 to 70 per cent of all 
infections observed involved only the upper respiratory tract. Grieble 
et al.,57 in a study of common respiratory disease in a civilian adult 
population, reported that less than 7 per cent of the illnesses were 
caused by recognized bacterial agents. It is apparent from these studies 
that infections of the respiratory tract not only are extremely common, 
but also are infrequently caused by bacterial agents. 

The introduction of tissue culture methods, the use of new animal 
hosts and the use of antimicrobial agents to maintain bacteria-free 
tissue cultures and inocula have made possible the isolation of many 
new viral agents. Huebner*® has reported that in the 10-year period 
between 1948 and 1958, 70 newly recognized viruses in man have been 
established and studied. The plethora of new viruses has changed the 
problem from one of searching for these agents to one of establishing 
which disease entities are associated with already recognized viruses. 
This is exemplified by a conference on “Viruses in Search of Disease’’*® 
held by the New York Academy of Sciences Section of Biology in 
1956. 

In the present paper an effort will be made to outline the current 
status of the viruses newly isolated from the upper respiratory tract 
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TABLE 7. Viruses Newly Isolated from the Upper Respiratory Tract 











Adenoviruses 
Myxoviruses: 
a ae eS Asian influenza virus 
Para-influenza virus 1.......... .Sendai, HVJ or influenza D virus; 
hemadsorption virus, type 2 
Para-influenza virus 2. v3 ..CA or croup-associated virus 
Para-influenza virus 3.... borin . Hemadsorption virus, type 1 
SLs Carnes saleew owed eas ..Chimpanzee coryza agent or res- 


piratory syncytial (RS) virus 





2060 and JH (Johns 
Hopkins) viruses 





COE virus 


(Table 7). A brief discussion of the Asian influenza virus is included, 
not because this is an entirely new agent, but because it is a significant 
variant of previously described influenza viruses and demonstrates the 
importance of the appearance of such variants. The herpes simplex 
virus and the Coxsackie viruses have been recognized as causes of 
respiratory infections longer than those viruses included in Table 7, 
and for that reason will not be included. Certain ECHO viruses have 
been associated with respiratory illnesses,®® 7° but the nature of this 
association is not clear at present; these agents will not be discussed. 
Finally, though it is well recognized that the respiratory tract is involved 
in several other diseases from which viruses have been isolated, e.g., 
measles and varicella, such involvement is a minor part of a more 
generalized disease; no effort will be made to include these entities. 
The viruses that have been chosen for discussion are those that appear 
to be associated with clinical illness, and this clinical illness is usually, 
but not always, confined to the upper respiratory tract. 


ADENOVIRUSES 


The adenoviruses are a group of viruses that have many common 
characteristics, the most outstanding of which is the production of a 
common complement-fixing antigen. At present at least 18 immuno- 
logically distinct types have been isolated from human sources.*® The 
first isolation of an adenovirus was reported by Rowe et al.7* in 1953 
from fragments of adenoidal tissue grown in tissue culture. This isolate 
was not related to clinical disease, and the name “adenoid degenera- 
tion agent” or “A.D. agent” was suggested for it because of its source. 
Almost simultaneously Hilleman and Werner‘ reported the isolation 
of an agent (called RI-67 and subsequently classified as type 4 adeno- 
virus) from military recruits with “acute respiratory disease (ARD),” 














FLOYD W. DENNY, JR. 297 


a specific disease entity described by the Commission on Acute Respira- 
tory Diseases in World War II.*° Shortly thereafter retrospective ex- 
periments on serums still available from the World War II studies of 
the Commission indicated that the disease described at that time was 
due to an agent identical with or very closely related to the agent 
described by Hilleman.*® Because of the conflicting nomenclature of 
these viruses, an interested group of investigators*? proposed the name 
“adenoviruses,” a name now widely accepted throughout the world. 
Since the initial description of adenoviruses, numerous reports have 
appeared in the literature from many areas of the world on the labora- 
tory, clinical and epidemiologic aspects of adenoviruses and the diseases 
they produce. 

Adenoviruses have been isolated from patients with a wide variety of 
clinical diseases. In many instances it has not been possible to relate 
the virus definitely to the observed disease. Adenoviruses have been 
associated with such regularity with several disease entities, however, 
that it is now possible to regard them as etiologic agents. Table 8 lists 
the diseases frequently caused by the adenoviruses, and the adeno- 
virus types commonly, and not so commonly, associated with these 
diseases. Careful study of both local and widespread epidemics of 
illnesses associated with isolations of adenoviruses or rises in adenovirus 
antibodies in the blood has been most valuable in establishing the role 
of these viruses in disease entities. It has also been demonstrated that 
adenoviruses can be recovered from approximately 50 per cent of 
surgically removed tonsils and adenoids from children without evidence 
of clinical illness. The significance of these so-called latent viruses is 
not clear. Whether they can, under certain stimuli, produce recurrent 
clinical illnesses or spread to other persons and thereby cause clinical 
disease is not known. 

The importance of adenoviruses as causes of illness seems at present 
to vary greatly with different population groups. In military recruits 
adenoviruses types 4 and 7, and occasionally 14, are the most important 


TABLE 8. Adenoviruses and Disease 
DISEASE TYPES IMPLICATED 


MOST COMMONLY LESS COMMONLY 





Acute respiratory disease (ARD)... a 3, 14 

Pharyngitis and pharyngocon- 
junctival fever. . a 1, 2. 5, 6 7a, 
14 
Follicular conjunctivitis. . . ee 2, 6,9, 10 

Epidemic keratoconjunctivitis. . ; Spe 3, Ta 

Pneumonia: 
Infants... .. oe ‘3 


Re ie ox.cak oar ree os 2 








298 VIRUSES NEWLY ISOLATED FROM THE UPPER RESPIRATORY TRACT 


cause of respiratory disease.” 4. 77. 8 During the winter months 80 per 
cent of recruits may be infected; 20 to 40 per cent will be sufficiently 
ill to require hospitalization, and another 20 per cent may need dis- 
pensary care.*® Adenovirus infections are not a problem in “seasoned” 
military personnel, presumably because of the presence of protective 
antibodies developed after infection early in military life. There appears 
to be good correlation between the presence of specific neutralizing 
antibody and resistance to infection. 

In civilian populations epidemics of the proportion seen in military 
personnel are not common, and most adenovirus infections are sporadic 
in their occurrence. Small outbreaks of adenovirus pharyngitis, pharyn- 
goconjunctival fever or follicular conjunctivitis have been reported, 
mostly in children in summer schools or camps.® 1% 36. 59, 69, 66, 85 Some 
of these outbreaks have been associated with swimming. Most of them 
have been due to the type 3 virus, but several other types have been 
found. An attack rate as high as 70 per cent has been reported in a 
children’s camp, and the secondary attack rate in young children in 
family outbreaks is about 50 per cent.® Jawetz et al.®! have shown that 
type 8 adenovirus is frequently associated with epidemic keratoconjunc- 
tivitis (EKC); 95 per cent of serums from patients with epidemic 
keratoconjunctivitis in Japan, Italy, Switzerland and North America 
contain type 8 antibody, whereas only 7 per cent of matched controls 
have such antibody.®? Epidemic keratoconjunctivitis is most prevalent 
in the Orient,®° but has been described widely in the United States and 
in other parts of the world. In the United States epidemic keratocon- 
junctivitis has been found most frequently in workers in shipyards and 
industrial plants exposed to arc welding and eye injuries, or in persons 
exposed to contaminated instruments in eye clinics.8! The importance 
of adenoviruses as causes of pneumonia is not known, but these agents 
have been isolated from severe and fatal cases of pneumonia and may 
play a role in less severe “viral’” pneumonias. 

Surveys for the presence of adenovirus antibodies in civilian popula- 
tions have shown that infection is widespread.**: °* By the age of 5 
years more than 80 per cent of children have antibody to at least one 
type of adenovirus, and 50 per cent have antibodies to 2 or more types. 
Antibodies to types 1, 2, 3, 5 and 6 are found most commonly; anti- 
bodies to types 4 and 7 are rarely found in children. In general, the 
proportion of persons having antibodies to one or more types increases 
with age; by the age of 34 years more than 50 per cent of persons 
have antibodies to 4 or more types. In spite of the presence of adeno- 
virus antibodies in most people, studies by virus isolations or antibody 
rises in all respiratory illnesses have shown that adenoviruses cause only 
a small proportion of cases. Reports from various areas in the United 
States, England and Scotland indicate that no more than 3 per cent of 
respiratory illnesses are caused by adenoviruses.**: 4: 8? 
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Thus the adenoviruses are capable of causing infections of the ocular 
and respiratory systems, and under different circumstances produce the 
various clinical entities listed in Table 8. The clinical syndromes listed 
in Table 8 are not always due to adenoviruses, and the same strain or 
type of virus may produce one type of illness in one person and an 
entirely different one, or no illness, in another. This is particularly true 
of sporadic adenovirus infections; in epidemics similar illnesses are 
more likely to be observed. The typical or classic clinical manifestations 
of the diseases caused by adenoviruses are outlined in the following 
section. 


CLINICAL PICTURE 
Acute Respiratory Disease (ARD) 


This disease, caused most frequently by types 4 and 7, occurs pre- 
dominantly in military recruits and is the chief cause of respiratory 
infections in this group of men.” 2%: 39. 43, 77, 8 Acute respiratory disease 
rarely occurs in civilian populations; the cause of this paradoxical situa- 
tion is unknown. The incubation period is from five to six days. The 
onset of acute respiratory disease is usually gradual with feverishness, 
headache, malaise and anorexia. The throat is frequently sore, but usu- 
ally without pain on swallowing. Hoarseness and cough are common. 
In general, the constitutional symptoms are more prominent than the 
respiratory symptoms. Fever may be high, but usually ranges from 100 
to 102° F. On physical examination the patient is acutely, but not usu- 
ally severely, ill. Frequently there are no other physical signs present. Nasal 
obstruction, mild injection of the pharynx and palate and lymphoid 
hyperplasia of the pharynx are found most frequently. The cervical 
nodes may be palpable, but are not usually large and tender. A small 
percentage of patients will have pulmonary rales and roentgenographic 
evidence of pneumonia. The leukocyte count is usually normal, and 
throat cultures show the presence of normal throat flora. The febrile 
course is usually two to four days, but respiratory symptoms may last 
for one to three weeks. Recovery is uneventful, and bacterial complica- 
tions are exceedingly rare. 


Pharyngitis and Pharyngoconjunctival Fever 


Sporadic infections by adenoviruses causing pharyngitis, with or with- 
out conjunctivitis, have been frequently described in military and 
civilian populations.*: ® 19 39, 36, 5, 60, 66,85 The type 3 virus has been 
found in most of these infections, but several other types have also 
been isolated; there does not seem to be any major difference in the 
manifestations of disease according to the type of virus. The clinical 








300 VIRUSES NEWLY ISOLATED FROM THE UPPER RESPIRATORY TRACT 


picture of pharyngitis and pharyngoconjunctival fever is similar to that 
of acute respiratory disease except that symptoms and signs referable 
to the respiratory tract are more prominent and ocular involvement is 
more common. The incubation period has been estimated to be five to 
seven days, but volunteers infected with adenovirus have shown symp- 
toms as early as two days after inoculation. The onset is usually gradual, 
and symptoms include feverishness, chilliness, headache, anorexia, 
cough and sore or scratchy throat. Nasal obstruction may occur, and 
epistaxis has been described. Gastrointestinal symptoms may occur, 
but have not been prominent findings. Conjunctivitis, when present, 
is usually mild, unilateral or bilateral, and follicular in type. 

Physical examination shows an acutely ill patient who may have 
conjunctivitis. The tonsils and lymphoid tissue in the pharynx may be 
moderately enlarged and red. Exudate, if present, is usually in pinpoint 
patches and is grayish-white. The cervical lymph nodes may be moder- 
ately enlarged and tender. If conjunctivitis is present, the preauricular 
lymph nodes may be enlarged. The peripheral leukocyte count is 
usually normal or only slightly increased, and cultures of the throat 
show normal bacterial flora. The febrile illness lasts from three to five 
days, but respiratory symptoms may persist for longer periods. Con- 
junctivitis may last from a few days to three weeks. Fever may be high, 
but usually is between 101 and 102° F. Complications are rare, but 
otitis media has been described. Recovery is usually complete, but 
corneal opacities have been described following conjunctivitis.» *4 


Follicular Conjunctivitis 


Conjunctivitis, in the absence of pharyngitis, may be caused by several 
types of adenoviruses, but most cases are due to types 3 and 7a. 
2, 30, 84, 47 The incubation period is the same as in pharyngoconjunctival 
fever. Symptoms include itching, burning, irritation and foreign body 
sensation in the involved eye. Photophobia and retro-orbital pain are 
rarely found. One or both eyes may be involved, and occasionally the 
second eye is involved a few days after the first. Examination shows 
redness and lymph follicle hyperplasia of the conjunctiva, greatest on 
the lower palpebral conjunctiva, with serous exudation and excess 
lacrimation. There may be enlargement of the preauricular lymph node 
on the side of the involved eye. The disease lasts from several days to 
as long as three weeks, and recovery is usually complete. Corneal opaci- 
ties have been described.?: ** 


Epidemic Keratoconjunctivitis 


Epidemic keratoconjunctivitis (EKC) has been shown to be due prin- 
cipally to type 8 adenovirus and in general is a much more severe and 
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serious disease than follicular conjunctivitis.®: 4* 51, 52: 78 In adults the 
initial clinical manifestations are a foreign body sensation, burning, 
tearing, hyperemia, chemosis and enlargement of follicles and pre- 
auricular nodes. A serous or seromucoid exudate forms, and a pseudo- 
membrane may appear. Constitutional symptoms are mild or absent. 
Pain, photophobia and blurring of vision herald the onset of keratitis 
two to eight days after the onset of conjunctivitis. The lesions may 
resemble nonspecific, superficial, punctate erosions, but the typical 
lesions are subepithelial, grayish, disklike foci beneath Bowman’s mem- 
brane. The corneal lesions outlast the conjunctivitis by a considerable 
period, but most opacities have disappeared by six months. 

Mitsui® has described the occurrence of epidemic keratoconjuncti- 
vitis in children and has observed that the course and the prognosis 
are different in the younger age group. In children under two years of 
age epidemic keratoconjunctivitis was accompanied by systemic reac- 
tions that included fever, pharyngitis, otitis media, diarrhea and vom- 
iting. The conjunctivitis was characterized by the presence of a mem- 
brane or pseudomembrane, and follicle formation was mild or absent. 
Keratitis was rare until after the age of five years, and preauricular 
lymphadenopathy was not a prominent feature until after two years of 
age. 


Pneumonia 


In adults adenovirus pneumonia has been observed most frequently in 
military recruits who have acute respiratory disease.?? In addition to 
the symptoms and signs of acute respiratory disease, patients with 
pneumonia have fine crepitant rales, and roentgenograms show peri- 
bronchial infiltration, most intense at the bases. Adenovirus pneumonia 
resembles mild atypical pneumonia, but cold agglutinins and strepto- 
coccus MG agglutinins, characteristic of atypical pneumonia, do not 
develop. 

In children the clinical picture of adenovirus pneumonia is not well 
defined, but several reports have appeared associating virus isolations 
with severe or fatal cases of pneumonia. Chaney et al.1* observed 27 
cases of pneumonia in children under 5 years of age that they con- 
sidered to be due to adenoviruses. In an outbreak in an open hospital 
ward 12 cases due to type 7a virus occurred; 3 of these patients died. 
In a family outbreak 3 cases of pneumonia due to type 7a occurred; 
one case was fatal. These authors also observed 8 sporadic cases of 
pneumonia from which adenoviruses were isolated (one type 4, two 
type 2, and one not typed) or which developed adenovirus complement- 
fixing antibodies. In addition, four fatal cases of pneumonia demon- 
strated pathologic findings compatible with adenovirus infection. All 
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patients studied clinically had red throats and clinical and radiologic 
signs of pneumonia. Other findings in some cases included conjunctival 
injection with periorbital edema, cough, morbilliform rash, diarrhea, 
meningismus and encephalitis. The major pathologic change in the 
eight cases studied was necrosis of the tracheal and bronchial epi- 
thelium, obstruction of bronchi by necrotic acidophilic masses and 
involvement of pulmonary parenchyma with acidophilic necrosis. A 
striking finding was the appearance of intranuclear inclusions in epi- 
thelial cells of the bronchi, submucous glands and alveolar walls. The 
inclusions were similar to those produced in HeLa cells by infection 
with adenovirus type 7a. 

Deinhardt et al.2* have reported the isolation of type 1 adenovirus 
from a fatal case of pneumonia in a 14-month-old child. Drouhet*! 
described a fatal case of pneumonia in a 4-year-old child; an adenovirus 
(type not specified) was isolated and typical nuclear inclusions were 
demonstrated in pathologic specimens of the lung. A group of Japanese 
workers*®: 58, 64, 65 has reported extensively on a fatal case of pneumonia 
in a 3-month-old child. An adenovirus with some immunologic cross 
with types 3 and 7 antiserums was isolated, and typical adenovirus 
intranuclear inclusions were demonstrated in the lungs. 

These reports of severe or fatal pneumonia in children, probably due 
to adenoviruses, demonstrate the need for continued study of the role 
of these agents in pneumonias of childhood. 


DIAGNOSIS, TREATMENT AND PREVENTION 


The clinical diagnosis of adenovirus infections is usually not satisfactory 
and should be attempted only under special circumstances. During an 
epidemic, proved by virus isolations or rises of specific antibody to be 
due to an adenovirus, the clinical diagnosis of typical illnesses is fre- 
quently correct. It is usually not possible, however, to diagnose 
accurately sporadic infections due to adenoviruses, regardless of the 
clinical picture. The peripheral leukocyte count and cultures of the 
throat are of no help. As with many other virus infections, a specific 
diagnosis can be made only by isolating the virus and demonstrating 
a rise of the specific antibodies in the blood. It should be pointed 
out that, at present, the most important aspect of the diagnosis of 
upper respiratory tract infections is the recognition of streptococcal 
sore throat. This is best accomplished by demonstrating the presence 
of streptococci in the throat culture or, when this diagnostic tool is not 
available, the demonstration of a leukocytosis. 

No specific treatment is available for adenovirus infections. The 
topical use of steroids has been suggested when there is ocular involve- 
ment,‘ but insufficient data are available for evaluation of this point. 
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Because of the adverse effect of the use of steroids in herpes simplex 
virus infections of the eye, care should be taken to rule out this entity. 
Bacterial complications of the respiratory tract are so rare that the 
prophylactic administration of antibacterial drugs is not warranted; 
prompt diagnosis and treatment of complications is the preferred pro- 
cedure. At present, treatment should consist in rest, analgesia and the 
relief of local symptoms. 

The measures that have been used to prevent the dissemination of 
adenovirus infections are similar to those that have been used for other 
diseases presumably spread by the respiratory tract. These measures, 
which have been tried principally in the military populations and 
which consist in the use of aerosols, ultraviolet lights, oiling of floors 
and blankets and increasing the space between beds, have little or no 
effect.?8 

In contrast, it has now been shown that adenovirus infections can 
be prevented by administration of a potent vaccine. ** 4% 41, 7° Such a 
vaccine, containing 2 or 3 types of adenoviruses (types 3, 4 and 7), has 
been developed by means of tissue culture techniques similar to those 
used in preparing poliomyelitis vaccine. When tested among military 
populations, this vaccine was effective in preventing the adenovirus 
disease so common in recruits, and is therefore recommended for use 
in personnel at the time of induction into military service. It has also 
been shown that administration of an adenovirus vaccine to children 
was followed by a rise of adenovirus antibodies, though possibly in a 
smaller percentage of patients than seen in studies of adults.17 There 
is little reason to doubt that resistance to infection would follow the 
use of adenovirus vaccine in civilian populations, but such studies 
have not been reported. Because of the infrequency of adenovirus 
infections among civilian populations, however, there is no indication 
at present for the general use of this vaccine. It is possible that it should 
be administered to persons living in closed groups such as boarding 
schools, nurseries and prisons, or to patients with chronic diseases for 
whom adenovirus infections may constitute a special risk, but no data 
are available on this point. 

In areas where adenovirus infections of eyes have followed the use of 
contaminated instruments, rigid asepsis should be adhered to. Be- 
cause of the possibility that adenoviruses can be spread by swimming 
pools, adequate chlorination is recommended.'* 


MYXOVIRUSES 


Myxoviruses are a group of viruses that have certain similar morpho- 
logic, physical and chemical properties, the most prominent of which 
is the ability to agglutinate erythrocytes. Influenza A and B, mumps 
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and Newcastle disease viruses are examples of myxoviruses. Sendai 
virus, hemadsorption viruses 1 and 2 (HA 1 and HA 2) and croup- 
associated virus (CA) are recently described myxoviruses; it has been 
suggested that they be renamed para-influenza viruses! (see Table 7). 
The present status of these agents as causes of respiratory disease will 
be discussed. Influenza virus Ay (Asian influenza virus) will also be 
discussed briefly for reasons given below. 


Influenza Virus Ao 


In 1957, infections appeared throughout the world due to an influenza 
virus which could be classified as an influenza A virus, but which was 
sufficiently different from previously described influenza A viruses that 
few people had antibodies to it, and available influenza vaccines were 
capable of producing little if any protection against it.? In the United 
States about 25 per cent of all persons became clinically infected. Infec- 
tions in general were mild and did not differ clinically from epidemic 
and sporadic influenza cases due to other strains of influenza viruses 
seen previously. Bacterial complications were rare, in spite of the 
publicity given to such occurrences, when the large number of persons 
involved is considered. An increase in mortality was seen principally 
in the very young and the very old. Attention is focused here on Asian 
influenza to emphasize that the influenza virus can and does become 
altered so that few people are immune to the new variant, and large 
numbers of people can become infected. In this circumstance, if a 
population is to be protected by administration of influenza vaccine, 
the vaccine must contain the new variant virus. 


Para-influenza Virus 1 (Sendai, HVJ or Influenza D; Hemadsorption Virus 2), 
and Para-influenza Virus 3 (Hemadsorption Virus 1) 


The Sendai virus was first isolated in Sendai, Japan, during an outbreak 
of pneumonitis in a newborn nursery.®* Eleven of 17 infants died of 
hyperemic lungs and hemorrhagic pneumonia. Since the original descrip- 
tion this virus has been studied extensively in Japan, and studies are 
now available also from the United States,?> 5? Great Britain®* 87 and 
Russia.** Jensen et al.5* reported that 40 per cent of persons above 3 
years of age from various parts of the United States had antibodies to 
this virus. No virus isolations were reported, and in only six cases of 
respiratory disease could a rise in antibody titer be shown. Antibody 
increases in a few patients with influenza-like diseases or pneumonia 
have been reported from the United States and from Great Britain, 
and an extensive epidemic of influenza-like disease due to the Sendai 
virus was reported in Vladivostok, Russia, in 1956. The significance of 
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antibody studies using Sendai virus is not clear, however, because of 
the similarity between the immunologic response of Sendai virus and 
some other myxoviruses. 

Because Sendai virus agglutinates erythrocytes, the Japanese workers 
suggested the name “hemagglutinating virus of Japan (HVJ).” Jensen 
et al. proposed that this virus be designated influenza D. In 1958 
Chanock et al.!* reported on 2 new myxoviruses which, because of 
their ability to adsorb erythrocytes to the tissue culture cells in which 
they propagated, were called hemadsorption viruses 1 and 2 (HA 1 and 
2). It was shown that HA 2 was closely related antigenically to the 
Sendai virus, and it has subsequently been suggested that these two 
similar agents be designated para-influenza 1 viruses. Hemadsorption 
virus 1 was significantly different and has been designated para-influ- 
enza 3 virus. Because para-influenza viruses 1 and 3 were described 
simultaneously by Chanock et al., these agents and the diseases with 
which they are associated will be discussed together. 

In the initial description of these viruses it was reported that the 
type 3 virus (HA 1) was recovered from 35 children with respiratory 
illnesses, 27 of whom were involved in an outbreak of febrile respira- 
tory illness in a nursery. In this outbreak the association between 
respiratory illness and virus isolation was sufficiently great to sugggest 
an etiologic relationship. The type 1 virus (HA 2) was isolated from 
3 children with croup. In a subsequent publication’® Chanock reported 
that the virus recovery rate from 1654 children with respiratory illnesses 
was 2.6 per cent for type 3 and 3.6 per cent for type 1. These rates were 
significantly higher than those reported for control groups: 0.14 per 
cent for type 3 and 0.22 per cent for type 1. It was estimated from 
antibody studies on serums collected during and after all respiratory 
infections in patients admitted to the hospital that the type 3 virus 
was associated with 10 per cent of illnesses, and type 1 virus with 9.6 
per cent. 

Parrott et al. reported on the clinical features in 42 patients with 
infection due to type 3 virus and 50 patients with infection due to 
type 1 virus. Patients were divided into those who had minor illnesses 
and were treated in the outpatient department, and those whose ill- 
nesses were severe enough to require hospitalization. In the group with 
minor illnesses there were no important differences between type 1 and 
type 3 virus infections. The most common clinical manifestations were 
fever, rhinorrhea, minimal pharyngeal erythema, dry cough and coarse 
breath sounds on auscultation of the lungs. Many patients were diag- 
nosed as having “common colds.” In the group with more severe 
illnesses there was, in general, exaggeration of the manifestations of 
the minor illnesses. In addition, about 50 per cent of patients showed 
some evidence of involvement of the lungs. In patients with type 1 
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infections this involvement was usually characterized by respiratory 
stridor or “croup”; bronchopneumonia was found more commonly in 
patients with type 3 infections. Roentgenograms of the lungs showed 
accentuation of bronchovascular markings in some patients with 
“croup” or bronchitis, and diffuse or localized peribronchial infiltration 
in most patients with pneumonia. In all patients febrile illness lasted 
from two to six days, rarely longer. Otitis media occurred in a small 
percentage of patients and was the only complication recorded. ‘There 
were no fatalities. Leukocyte counts were slightiy lower in patients with 
para-influenza virus infections than in patients from whom _ these 
viruses were not isolated, but the differences were small. Bacterial 
pathogens were recovered from 39 per cent of those patients cultured, 
but no significant differences were noted in the isolation of these agents 
from patients with respiratory diseases not due to these viruses. In 
another study by the same group of investigators, Vargosko et al.*® 
found evidence of infection with type 1 virus in 36 per cent of 47 
patients with croup. 

Volunteer studies have been performed“ using the type 1 para-influ- 
enza virus in 32 adult males. Virus was recovered from 24 of the 
volunteers, and 25 men had a rise in antibody. Eighteen men showed 
symptoms of a “coldlike” illness six days after inoculation. ‘The most 
common symptoms were nasal obstruction and discharge, coughing 
and sneezing; physical signs included a red, edematous pharynx and 
nasal mucosa and a serous or mucoid nasal discharge. Four patients 
had mild conjunctivitis. There was no evidence of pneumonia, and 
recovery was complete in two to three days. It is of interest that many 
of the men who acquired infections had antibodies to the type 1 virus 
at the time of inoculation. 

The role of para-influenza viruses 1 and 3 in the over-all picture of 
respiratory infections has not been determined. The viruses are present 
throughout the year, but how often they produce symptoms is not 
known. Studies with the type 3 virus have shown that all adults have 
significant antibody titers to this virus'* *° and that 80 per cent of 
children have antibody by the age of 3 years.?® Studies have also shown 
that most adults have antibodies to the type 1 virus.'* ‘These investiga- 
tions are of interest in view of Chanock’s data which show that virus 
isolations are not affected by the age of the patient." 


Para-influenza Virus 2 (CA or Croup-Associated Virus) 


In 1956 Chanock!’ reported on the isolation of the para-influenza 2 
virus from 2 of 12 infants with croup in Cincinnati. The children 
from whom the viruses were isolated and three additional patients had 
rises in specific antibody titers. A study of patients with nonrespiratory 
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illnesses showed that 25 per cent of children under 3 years of age and 
90 per cent of males over the age of 21 years had significant antibody 
titers. Subsequently Beale et al.* reported the isolation of para-influenza 
virus 2 from 10 of 15 patients with acute laryngotracheobronchitis in 
Toronto. Convalescent-phase serums were available from six of the 
patients from whom viruses were isolated, and rises in antibodies were 
demonstrated in all. Cramblett*! has reported on the isolation of this 
virus from a patient with croup in Iowa, and Vargosko** has reported 
another isolation from the Washington, D.C., area. The antibody 
studies performed by Chanock indicate that infections with this virus 
are common. Failure to isolate the virus or demonstrate antibody rises 
in all patients with nonbacterial croup indicates that it is only one of 
possibly many etiologic agents in this clinical syndrome. The part, if 
any, that para-influenza 2 virus plays in other clinical diseases is not 
known. 


CCA Virus (Chimpanzee Coryza Agent or Respiratory Syncytial [RS] Virus) 


In 1956 Morris, Blount and Savage® reported on the isolation of a new 
virus from a chimpanzee with a mild respiratory illness characterized 
principally by coryza. This virus was designated chimpanzee coryza 
agent or CCA. Specific antibodies developed in the blood of the animal 
from which the virus was isolated. Subsequently, of 20 chimpanzees 
exposed to the first animal, 14 developed coryza, and all these animals, 
plus 4 others which remained asymptomatic, had elevated antibody 
titers. The authors induced respiratory illness characterized by sneez- 
ing, coughing and a mucopurulent nasal discharge in chimpanzees 
by the intranasal instillation of laboratory-propagated virus; virus was 
recovered from these animals and antibody appeared in their serums. 
One human adult male exposed to the infected chimpanzees acquired 
an upper respiratory tract infection. Virus was not isolated from this 
patient, but a rise in antibody titer was demonstrated in his serum. 
Antibody titrations performed on the serums of human beings of differ- 
ent ages showed that about 20 per cent of persons above 10 years of 
age had antibodies, but that few patients under 10 years of age had 
antibody. 

In 1957 Chanock, Raizman and Myers": !* reported the isolation of 
viruses indistinguishable from CCA virus from 2 children, one with 
bronchopneumonia and one with laryngotracheobronchitis. Both these 
patients developed antibodies against CCA virus in convalescent-phase 
serums. In a study of the epidemiologic aspects of this virus in infec- 
tion in infants and young children, it was shown that 80 per cent of 
children had antibody to the virus by 4 years of age. When a group of 
children hospitalized with severe lower respiratory tract disease was 
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compared with a control group, the incidence of infection, as deter- 
mined by antibody tests, was not significantly different. It was shown, 
however, that the rate of infection in a group of patients admitted 
to the hospital on a ward which did not admit patients with infectious 
diseases was six times greater than among outpatient controls. It was 
suggested that the failure to demonstrate an association between CCA 
virus and lower respiratory tract disease was due to the high rate of 
infection occurring in the ward control group. These authors proposed 
that this virus be named “respiratory syncytial (RS)” virus because 
of the cytopathologic changes it produced in tissue culture. 

The exact role of the CCA virus in human disease is not known. 
The significance of the high percentage of young children with anti- 
bodies reported by Chanock et al. and the low percentage of children 
with antibodies reported by Morris et al. remains to be determined. 


2060 AND JH VIRUSES 


In 1956 Price*! reported on the isolation of a virus, designated as 
JH (Johns Hopkins) virus, from adults and children with mild upper 
respiratory tract infections. In 1957 the isolation of a virus (called 
2060) from cases of mild respiratory illness in Naval recruits was 
reported by Pelon and his associates.®® Subsequently it has been demon- 
strated in the laboratories of both these investigators that these two 
agents are closely related, but are not identical.** 7* Both the 2060 
and JH viruses are difficult to grow in the laboratory and antibody 
titers are hard to measure; for these reasons progress in studies with 
these agents has been slow. 

In a recent publication Price et al.** have described more completely 
the clinical and epidemiologic aspects of infection with JH virus. The 
virus was isolated from adults and children with sporadic infections 
and infections occurring in localized outbreaks. Isolations were made 
during all seasons of the year, but were made less frequently during 
the summer months. The most common symptoms observed were head- 
ache, malaise, sore or dry throat, cough and sneezing. On physical ex- 
amination the patients were mildly ill and demonstrated principally 
slight fever and nasal signs such as discharge, injection and obstruction. 
Illness lasted from three to six days. Virus could be isolated from 
patients only during the first two days of clinical illness. Surveys of 
antibodies in persons from different geographic areas and in different 
age groups showed that antibodies were widespread in the United 
States, approximately 65 per cent of the adult population having anti- 
bodies, but only about 6 per cent of children under 5- showing anti- 
bodies. In the study of the spread of JH virus in families it was shown 
that the virus does not have a high degree of infectivity under normal 
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circumstances, and also that the presence of antibody is not the only 
factor that regulates the spread from patient to patient. Over 50 per 
cent of infections due to JH virus, as determined by serologic methods, 
were not associated with clinical illness. It was estimated that during 
a 3-year observation period this group of viruses (JH and 2060) were 
associated with 12 per cent of 901 mild upper respiratory tract illnesses 
studied. Price** has also reported that administration of a vaccine made 
from JH virus caused a reduction of illness in an outbreak of respiratory 
disease which may have been caused by this virus. 

The illnesses observed by Pelon and Mogabgab® in Naval recruits 
were mild and were characterized by coryza, slight sore throat and 
occasional cough. It was possible to associate the 2060 virus with 
approximately a third of the illnesses that occurred in the 2 companies 
of men studied. Neutralizing antibody was also found in pooled gamma 
globulin, and a gradual increase in antibody titers could be correlated 
with age in serums from randomly selected children. These authors 
were also able to relate approximately a third of a group of afebrile 
respiratory illnesses to the 2060 virus in the New Orleans area.® 

Human volunteer studies in the United States by Jackson, Dowling 
and Mogabgab,*® using both the 2060 and JH viruses, have shown that 
these viruses can produce an afebrile coryzal illness in a small per- 
centage of persons. The authors concluded that there was a low order 
of infectivity or a high degree of immunity among volunteers. Among 
the volunteers the two viruses were immunologically identical. Tyrrell 
and Bynoe** were able to infect a small number of human volunteers 
with the JH virus in Great Britain. These volunteer studies and the 
extensive epidemiologic studies by Price and his associates have demon- 
strated that the 2060 and JH viruses are associated with mild respira- 
tory illnesses; further studies with these agents are necessary to deter- 
mine their importance in different geographic areas and over a period 
of years. 


COE VIRUS 


In 1958 Lennette et al.°7 reported on the recovery of 4 new agents 
from patients with mild respiratory illnesses diagnosed as “pharyngitis” 
and “common cold” at Ford Ord, California. ‘These agents had similar 
properties and were considered to be strains of a single virus; the 
prototype virus was designated the Coe virus after the name of the 
patient from whom it was isolated. Convalescent-phase serums were 
available from three of the patients studied, and all developed anti- 
body to the Coe virus. In a group of 23 patients who had respiratory 
illnesses at the time of the isolations of the Coe virus, 5 patients 
developed antibodies, indicating that they were infected with the Coe 








310 VIRUSES NEWLY ISOLATED FROM THE UPPER RESPIRATORY TRACT 


virus. Pereira and Pereira™® have recently reported the isolation of four 
strains of Coe virus at Royal Air Force recuit stations. The clinical 
manifestations of the illnesses in the patients from whom the agents 
were isolated were slight fever, pharyngitis, cough, coryza, cervical 
adenitis and mild conjunctivitis. Headache, hoarseness, and chest and 
muscle pain were noted to occur less commonly. A survey of antibodies 
to Coe virus in Great Britain indicated that the incidence of infection 
was low in children (1.0 per cent under 10 years) and rose steadily 
with age (33.0 per cent by age 40), and that antibodies were more 
common in males. More studies with this agent will be necessary to 
determine its role as a cause of respiratory illnesses. 


SUMMARY 


Many new viruses have been isolated from the upper respiratory 
tract, and many more will probably be isolated in the near future. The 
biggest problem facing the clinical virologist today is ‘the association 
between new viruses and clinical disease. A definite relationship has 
been demonstrated between several clinical entities and the adeno- 
viruses. It is highly probable that there is an etiologic relationship 
between 2 of the new myxoviruses (para-influenza 1 and 3) and 
clinical disease, and also between the 2060-JH group of viruses and mild 
respiratory illnesses. Studies are too few and the data are lacking to 
establish any definite relationship between clinical illnesses and the 
para-influenza 2 virus, the CCA virus or the Coe virus. 
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GALACTOSEMIA 


GEORGE N. DONNELL, M.D. s 
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Galactosemia is an inborn error of metabolism, characterized by in- 
ability of the organism to utilize galactose. The first recognizable case 
was described by von Reuss*® in 1908, but a genetic basis for the disease 
was not suggested until about 10 years later.1° Case reports have ap- 
peared in greatly increasing numbers as a direct result of the more 
complete understanding of galactose metabolism gained during the past 
decade.1!; 12, 2%, 26, 27, 28, 3 The defect in galactosemia has been localized 
to a specific enzyme system, 1-phosphogalactose uridyl transferase (Gal- 
1-P-uridyl transferase ) 1% 71; 22 

The major symptoms appear early in infancy. ‘They include failure 
to thrive, jaundice, hepatomegaly, formation of cataracts, mental re- 
tardation and increased susceptibility to infection. The disease may be 
arrested by eliminating milk and its products from the diet, thus 
excluding the main source of the offending sugar. Metabolites of 
galactose, accumulated because of absence of the enzyme, are sus- 
pected to be directly harmful to the tissues of the organism.'® The 
recent development and refinement of specific laboratory methods 
based upon new understanding of galactose metabolism? * ?4 have 
facilitated both diagnosis and treatment. 

Much of the following discussion is based on our own experience 
with the disease, although the literature is considered in detail. During 
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the past decade we have been able to study extensively 16 families with 
one or more affected children. 


ETIOLOGY AND GENETICS 


The mode of transmission of galactosemia has been clarified only 
recently. The occurrence of the overt disease in children of both sexes 
with phenotypically normal parents suggested simple mendelian in- 
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Fig. 12. Averages of galactose tolerance values, galactosemic families and normal 
controls. 


heritance. Both parents should be heterozygous carriers in that event. 
Except in one consanguineous family, Holzel and Komrower" failed 
to demonstrate the heterozygous state in both of the parents in four 
families by studying tolerance to oral loading with galactose. Recently 
we applied this method to 13 families known to have at least one 
member with galactosemia (Fig. 12). On a statistical basis the group 
of fathers and mothers of affected children could be distinguished from 
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normal persons, but overlap between the normal and heterozygous 
ranges was too extensive to permit identification of all carriers (Fig. 
13). 

When galactosemia was recognized as a defect affecting a specific 
enzyme system, a more direct approach to the study of affected families 
was suggested. Galactose-l-phosphate uridyl transferase is found in 
erythrocytes as well as in liver, a fortunate coincidence because it 
facilitates sampling of an affected tissue. The original transferase assay 
of Kalckar and associates’ is reliable and specific in detecting the person 
with galactosemia. The conditions of assay are such, however, that 
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Fig. 13. Galactose tolerance index (with average values indicated): mothers, fathers 
and siblings of galactosemic children together with normal controls. 


quantitation of intermediate amounts of enzyme in a heterozygous 
person is not satisfactory. The first successful quantitative approach to 
detection of the heterozygote was that of Kirkman and Bynum,** who 
reported a manometric method for assay of the enzyme. Bretthauer 
and Hansen* have modified the original transferase assay to permit 
measurement of intermediate enzyme activity. The procedure is sufh- 
ciently simple for routine clinical use. 

We have undertaken an intensive genetic study of 14 affected fam- 
ilies, using the modified assay.? A total of 278 individuals was studied, 
including affected children, parents, siblings, various other relatives 
and comparable controls (‘Table 9 and Fig. 14). Three distinct groups 
were defined: (1) children affected with galactosemia (homozygotes) 
whose erythrocytes exhibited essentially no enzyme activity; (2) normal 
controls, and some members of affected families with transferase values 
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TABLE 9. Summary of Galactose-1-Phosphate Uridyl Transferase Values in Galac- 
tosemic Families and in Normal Controls 




















NO. RANGE MEAN sD 
Normal controls.......... ; ~. ee 3.8-8.3 5.9 +1.01 
Galactosemic children....... ' pie we 0-0.6 0.1 — 
re 0.9-3.9 2.9 +0.83 
I Kas dis sara Bie Sik ok oo ae 1.6-3.8 3.1 +0.72 
Mothers....... i . 0.6-3.9 2.7 +0.89 
> Siblings: 
" a aed 6 4.9-7.0 6.0 +0.78 
4 Heterozygote........ ; eh 11 1.1-3.9 3.0 +0.87 
: Relatives: 
NK kas wold i eee 78 4.1-8.5 8 +0.99 
Heterozygote....... aes : 39 1.4-3.9 2.8 +0.70 


in the normal range; and (3) a group with intermediate values for 
enzyme activity composed exclusively of members of affected families. 
All parents of affected children fell into the last group. A typical family 
tree is shown in Figure 15. It is of interest that the mean value in the 
heterozygous group is approximately half that of normal controls. 
This study verified the hypothesis that galactosemia is transmitted 
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Fig. 14. Erythrocyte galactose-1-phosphate uridyl transferase values, galactosemic fam- 
ilies and normal controls. 
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Fig. 15. Genealogical tree of a galactosemic family. 
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by simple mendelian inheritance. In our families and in those of earlier 
reports the disease has shown no predilection for either sex. Further- 
more, heterozygous siblings are distributed about equally between the 
sexes. Thus the inheritance of galactosemia is not sex-linked, and the 
conclusion is valid that galactosemia is inherited as an autosomal trait. 


PATHOLOGY* 


The anatomic changes in galactosemia are almost exclusively confined 
to the liver. In our material, except for cataracts, we have found no 
significant alterations in other organs. 

The one feature common to specimens of liver from all patients 
is a peculiar “alveolar” pattern illustrated in Figure 16. This consists 





Fig. 16. Photomicrograph of section of liver biopsy showing “alveolar pattern” and 
canaliculi filled with bile pigment. 
* Material in this section is based upon review of the literature and personal study 
of material from 10 patients (4 autopsies and 6 needle or surgical biopsies of the 
liver). 





3 tt 


+6 eee eee ee Oe Cem SE ar tse 








320 GALACTOSEMIA 


of a rosette-like arrangement of liver cells about a dilated canaliculus 
which is frequently filled with a mass of bile pigment. Similar pigment 
is present to a greater or less degree in hepatic cells, canaliculi and 
small intrahepatic ducts. The significance of this lesion is not clear, but 
its presence should arouse the suspicion of galactosemia. 

In patients under four to six months of age the liver shows evidence 
of an active process of cell damage and repair. Hepatic cells are swol- 
len and distorted, fat and/or glycogen deposition can be demonstrated 
in varying degrees, bile duct proliferation is extensive, and there is mild 
to moderate fibrosis. This process and the “alveolar” pattern are most 
conspicuous in patients between three weeks and four months of age. 
In the younger infants, perhaps because of terminal inanition and in- 
fection, other features are obscured by extremely severe fatty change. 
Glycogen may be absent or may be present in such large amounts as 
to suggest glycogen storage disease. Its absence in the youngest infants 
cannot be evaluated, since all material from this age period has been 
obtained at autopsy. In older patients it appears to vary with the state 
of therapeutic control. 

After four to six months of age severe hepatocellular damage is not 
evident. Lobules are distorted and rimmed by inactive connective tis- 
sue, giving a picture of inactive cirrhosis. As in the younger group, 
glycogen storage may be minimal or extreme. 

It is our concept that products of disturbed galactose metabolism 
can cause severe hepatocellular damage during the early months of 
life, whereas in later months the disturbance produces only a reversible 
deposition of excess amounts of glycogen. Fat deposition we consider 
a secondary phenomenon. 


BIOCHEMISTRY 


Speculation as to the exact nature of the defect in galactosemia began 
in 1935 with Mason’s®® suggestion that the disease is a metabolic dis- 
turbance. The studies of Leloir, Kosterlitz, Kalckar and others paved 
the way for defining the major pathway by which galactose is converted 
to a normal metabolite of glucose. Schwarz and his co-workers*! made 
the important observation that erythrocytes of patients with galacto- 
semia accumulate galactose-l-phosphate when exposed to galactose, 
indicating a block in the metabolism of galactose-l-phosphate. The 
biochemical explanation was provided by Kalckar and his associ- 
ates,!® 21, 22 who demonstrated deficiency of a specific enzyme in both 
erythrocytes and liver of patients with galactosemia. 

Three enzymatic reactions are important in the interconversion of 
galactose and glucose. Two additional reactions are also of importance. 
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These reactions may be summarized as follows: 


Galactokinase 





























(1) Galactose + ATP + Gal-1-P + ADP 

_Gal-1-P uridyl 
transferase 
(2) Gal-1-P + UDPGlu ; + Glu-1-P + UDPGal 
UDPGal-4-epimerase 

(3) UDPGal = * UDPGlu 
UDPGlu 
pyrophosphorylase 

(4) Glu-1-P + UTP : > UDPGlu + P-P 
UDPGal 
pyrophosphorylase 

(5) Gal-1-P + UTP : + UDPGal + P-P 


The initial step (reaction 1) is the phosphorylation of galactose to 
form galactose-l-phosphate (Gal-1-P). Adenosine triphosphate (ATP) 
is necessary, and the reaction is catalyzed by a specific kinase. In 
the second step (reaction 2), galactose-l-phosphate is exchanged for 
the glucose analogue in the nucleotide uridine diphosphoglucose 
(UDPGlu), with glucose-l-phosphate (Glu-1-P) and uridine diphos- 
phogalactose (UDPGal) appearing. The enzyme necessary for this 
step is 1-phospho-galacto-uridyl transferase (Gal-1-P uridyl transferase). 
Reaction 3 involves the conversion of UDPGal to UDPGlu in the 
presence of a specific epimerase (formerly termed a “Waldenase’’). 
This reaction is reversible and may be a source of endogenous galactose 
for the synthesis of cerebrosides, mucopolysaccharides and other essen- 
tial galactose-containing compounds. 

Kalckar and associates established that the enzyme system specifically 
deficient in galactosemia is the transferase system which catalyzes reac- 
tion 2. These workers also showed that the epimerase (reaction 3) is 
present. The implication is that the patient with galactosemia can 
synthesize essential galactose on a galactose-free diet because of the 
reversibility of this reaction. 

Reactions 4 and 5 are not directly involved in the interconversion of 
galactose and glucose. However, reaction 4 can serve as a source for the 
nucleotide UDPGlu. A similar reaction (reaction 5) may serve as an 
additional pathway for the utilization of galactose.?° 


CUNICAL FINDINGS 


The manifestations of galactosemia vary greatly in severity. The symp- 
toms in the majority of our cases have been severe, however, emphasiz- 
ing the urgency of prompt treatment. 
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TABLE 10. Signs and Symptoms in 22 Cases of Galactosemia 





IN oy ghaco es Sats sick nunca SE RNARG SMe eh Aas eee WENO NE wea wee 100% 
EL. dit odo Sint ate sis heck eres ata Kheheteeh oe ge os MRM BEd ED CaN 58% 
I ire ers ei na ree eats fate bie hia: ihe Rie oS 45% 
ai iid ald here al wis om acc Wide thy Oe See a eRe A Bele aeRO 41% 
ad Satie nels. pee beh Mecassied Pads EMRE UN ERK a enwe 36% 
ost ac or ctu tee atsoats dea aie ne Bahia ci hak Mie ear o oe 9% 
General 


Typically, the clinical manifestations appear early in infancy (Table 
10). The affected infant seems normal at birth, and symptoms do not 
appear until milk feedings are given. One of the earliest signs is jaun- 
dice, which appears at 4 to 10 days of age and outlasts the period of 
physiologic icterus. It may result from retention of bilirubin secondary 
to toxic injury to hepatic cells by metabolites of galactose. Mild 
hemolysis may be a contributing factor, but the anemia usually accom- 
panying the disease is largely unexplained. Lethargy and hypotonia are 
frequent. Food may be refused, vomiting is common, and diarrhea 
appears occasionally. The clinical course of some infants is fulminant, 
and death occurs early from inanition, infection or hepatic failure. A 
clinical diagnosis of overwhelming sepsis may be suggested. 

The clinical manifestations of a small number of cases are milder, 
and the diagnosis may be overlooked for weeks or months. Vague 
digestive difficulties, retarded physical and mental development, hepatic 
enlargement, cataracts and perhaps evident intolerance of milk should 
suggest the clinical diagnosis of galactosemia, a possibility which is 
strengthened if melituria and proteinuria accompany such symptoms. 
The urinary findings depend upon ingestion of galactose, however, and 
they may be absent if milk products have been withheld. Whenever 
galactosemia is suspected, definitive laboratory tests should be made 
before dismissing the diagnosis. 


Signs and Symptoms 


Hepatic enlargement with fatty infiltration, glycogen deposition and 
cirrhosis occur constantly. These changes may become extreme in a 
short period, and conventional tests of hepatic function may not reveal 
the extent of the damage. Ascites and generalized edema occur less 
frequently, but not uncommonly. Among the 23 cases reviewed at the 
Children’s Hospital of Los Angeles, 8 patients exhibited ascites, 3 of 
whom also had generalized edema. The concentration of serum albumin 
was low in children with edema. 

The extraordinary susceptibility of these babies to infection should 
be stressed. Twelve of our 23 patients were affected by proved bacterial 














GEORGE DONNELL, WILLIAM BERGREN AND ROBERT CLELAND 323 


complications, including seven with septicemia, three with urinary 
infection and one each with cellulitis of the bridge of the nose and 
bronchopneumonia. As expected, gram-negative organisms predom- 
inated. Response to antimicrobial therapy is unsatisfactory unless galac- 
tose is eliminated from the diet. 

Specific neurologic abnormalities are absent. Initially, most affected 
infants are lethargic and hypotonic. Untreated children surviving be- 
yond the first few weeks almost always manifest signs of mental 
retardation. Convulsions have not been observed in our series. The 
electroencephalograms of six of our patients were abnormal, but a 
definite relationship to the primary disturbance has not been estab- 
lished. Recent experimental evidence suggests a possible link, however.” 

Lenticular cataracts usually develop within the first year in the 
untreated patient. Only a minority of patients escape this lesion, and 
many such cataracts have been recognized within the first few weeks 
of life. The lesions have been described as zonular, lamellar or nuclear. 
Opacification of the lens progresses at variable rates, but a permanent 
handicap results unless galactose is omitted from the diet. In 10 of our 
patients with cataracts, improvement followed elimination of galactose, 
but complete regression did not occur.*® Only two patients suffered 
sufficient impairment of vision to require corrective surgery and at- 
tendance at a school for the visually handicapped. Their diagnosis was 
made at 5 and 13 months respectively, and they were the first cases in 
the present series of patients. 


LABORATORY OBSERVATIONS 


When the clinical features suggest galactosemia, the definitive diagnosis 
is confirmed by laboratory tests. 


1. Urine 


Proteinuria, galactosuria and amino-aciduria are constant laboratory 
findings. . 

Proteinuria. The proteinuria associated with galactosemia is prob- 
ably caused by toxic effects on the kidney of accumulated metabolites 
of galactose. Protein disappears from the urine four to six days after 
milk products have been removed from the diet, but it reappears in 
two to three days if milk feedings are resumed. 

GatacrosuriA. Galactose will make itself known in the urine when 
the older routine tests for reducing substances are used. Galactose in 
urine will be missed, however, by the newer glucose-specific screening 
methods. The glucose-oxidase technique will assist in differentiating 
glucose and galactose when used in conjunction with a copper-reducing 
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Fig. 17. Reciprocal relationship between blood glucose and galactose. 


method. Galactose may be positively identified chemically, preferably 
chromatographically. Galactose disappears from the urine 24 to 48 
hours after its exclusion from the diet, but it may reappear within a 
few hours after the administration of large loads of galactose or lactose. 
In contrast to diabetes mellitus, ketonuria has not been described in 
association with galactosemia. 

AmMIno-acipuriA. Amino-aciduria (see also p. 333) in galactosemia 
was described in 1952.%: 15 The amino-aciduria is generalized, but with 
predominance of neutral aliphatic acids such as glycine, alanine, serine 
and threonine. The phenomenon is thought to result from defective 
tubular reabsorption rather than from overflow.'* Amino-aciduria is a 
much more sensitive measure of the intake of galactose than galacto- 
suria or proteinuria.’7 Persistence of amino-aciduria during treatment 
suggests that dietary restriction of galactose is incomplete. ‘Temporary 
hyperchloremic acidosis may constitute another manifestation of renal 
tubular involvement in galactosemia. 


2. Blood 


The blood sugar level is elevated in the nonfasting state, as measured 
by the usual copper-reducing methods. Both glucose and accumulated 
galactose are measured without discrimination by these techniques, 
yeast fermentation or sugar-specific methods being necessary for dis- 
tinction. A reciprocal relationship tends to exist between the concen- 
trations of the two sugars (Fig. 17). As the concentration of galactose 
increases in the blood, that of glucose declines, sometimes as low as 
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10 mg. per 100 ml. Under such extreme circumstances, signs and symp- 
toms of hypoglycemia may develop. The specific cause of hypoglycemia 
is unclear. Galactose-l-phosphate in high concentration may inhibit 
enzyme systems involved in the conversion of glycogen to blood glu- 
cose,® $3 or the production of insulin may be enhanced by the high 
concentration of total sugar. 

QuairaTivE IDENTIFICATION. Galactose in blood may be qualita- 
tively identified most reliably by chromatographic methods.** One 
standard quantitative method requires comparison of the total ability 
to reduce copper with that of an equivalent sample after fermentation 
with yeast. Such measurements do not identify the reducing substance 
precisely; the nonglucose-reducing substance must be presumed to be 
galactose. Another method analyzes specifically for glucose by the 
glucose-oxidase enzyme system.® Again, galactose is assumed to account 
for the difference between the total reducing value and that for glu- 
cose. Recently a specific galactose oxidase has been described which may 
provide a more direct and specific method.® 

GatactosE ToLerance Test. The standard glucose tolerance test is 
normal in children with galactosemia, but their response to loading 
with galactose is abnormal. Accordingly, the galactose tolerance test 
serves as an aid in diagnosis. The test is not entirely specific for galacto- 
semia, however; similar results may be obtained in cases of severe liver 
disease. We give an oral loading dose of 35 gm. of galactose per square 
meter of body surface area. The concentration of blood galactose 
returns to the baseline within three hours in normals, but it remains 
considerably elevated at the end of this period in affected children 
(Fig. 12). The test should be continued for the entire three-hour 
period, because the blood galactose of many carriers of the galactosemic 
trait is still elevated at two hours, although it returns to normal in 
three hours. The galactose tolerance test is a valuable diagnostic aid, 
but its tendency to induce hypoglycemia and hypokalemia constitutes 
an important potential danger to some persons. It may be better to 
reserve this procedure for circumstances in which a diagnosis must be 
verified and specific methods for measuring the enzyme itself are not 
available. 


3. Liver Function 


The liver is consistently affected in galactosemia, but the conventional 
tests of hepatic function are not diagnostic. Cephalin-cholesterol floc- 
culation and thymol turbidity may be normal, even when the liver is 
severely damaged. Prothrombin time may be prolonged and serum 
albumin reduced in some severe cases. Hypoprothrombinemia may 
accompany the hemorrhagic tendency sometimes noted in this disease, 
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and hypoalbuminemia may be related to the ascites and generalized 
edema. In our experience, serum glutamic oxalo-acetic transaminase 
has been considerably elevated in the acute stages of galactosemia. 
The severity of hyperbilirubinemia early in the disease is variable, but 
the values reported have been only moderately elevated for the most 
part.1% 


4. Direct Measurement of Enzyme 


A relatively simple and specific diagnostic test is based on the fact 
that gal-1-P uridyl transferase is found in the erythrocytes of normal 
persons, but not in the red cells of a child with galactosemia. The test 
measures the uridine diphosphoglucose (UDPGlu) utilized when a 
hemolysate of erythrocytes is incubated with appropriate amounts of 
substrate. Residual UDPGlu is determined spectrophotometrically, 
using the specific UDPGlu dehydrogenase coupled to diphosphopyri- 
dine nucleotide (DPN). The original method of Kalckar and associates 
is entirely satisfactory for detection of the galactosemic homozygote, 
and the necessary reagents are commercially available.* 

A modification of this method has been described which preserves 
the relative simplicity of the original assay and improves its quantitative 
sensitivity. ‘The modified procedure is sufficiently sensitive to permit 
detection of the clinically normal heterozygous carrier.? Kirkman and 
Bynum** have described a manometric technique which can detect 
intermediate values for transferase, but the procedure is complex and 
costly. 


5. Accumulation of Galactose-1-Phosphate 


Another approach to the chemical identification of the homozygote is 
based upon the observation of Schwarz*? that galactose-1-phosphate 
accumulates in erythrocytes of the patient with galactosemia. The 
phosphorylated derivative is isolated by barium salt precipitation, and 
chromatographic measurement of galactose is done after hydrolysis. 
Kirkman* has provided another approach to the measurement of galac- 
tose-1-phosphate. 


TREATMENT AND PROGNOSIS 


Evidence is abundant that exclusion of galactose from the diet pre- 

vents and reverses many manifestations of the clinical disease. This 

objective may be approximated by completely eliminating milk and 

milk products from the diet. A casein hydrolysate (Nutramigen) has 

been used successfully in our clinic. Soya products have been used, but 
* Sigma Chemical Company, St. Louis, Mo. 
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Fig. 18. Plots of weight (A) and height (B) of galactosemic infants. 
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Holzel** has stated that soya beans contain stachyose, a tetrasaccharide 
consisting of two molecules of galactose, one of glucose and one of 
fructose. Intestinal hydrolysis of stachyose may release galactose for 
absorption. Soya products should not be given to children with galacto- 
semia until this possibility has been clarified. The progress of two 
children followed in our clinic was not as satisfactory on a diet contain- 
ing soya milk as on one containing a protein hydrolysate. Dietary 
control relieves symptoms effectively and causes regression of the ma- 
jority of findings, including hepatomegaly. The maturation of cataracts 
is arrested. 

Holzel and associates have recommended rigid adherence to a com- 
pletely galactose-free diet for an indefinite period. Opinion in this 
country generally favors the view that the small amount of galactose 
which may remain in casein hydrolysates is insufficient to affect ad- 
versely growth or mental development. Care should be exercised in 
prescribing medications that may contain lactose as a vehicle. 

Appropriate therapy should be undertaken to control associated 
symptoms such as infection and fluid and electrolyte imbalance. 

Study of our patients’ growth (Fig. 18) shows that rapid gains in 
weight shortly followed inauguration of treatment. Most of the childen 
reached the accepted normal range in a few months, and subsequent 
progress compares acceptably with norms for both height and weight 
(Fig. 19). 





Fig. 19. A galactosemic patient (A) before treatment and (B) after 10 years on a 
galactose-free diet. 

















GEORGE DONNELL, WILLIAM BERGREN AND ROBERT CLELAND 329 










































































10 

100 If | 

90 [If] 1 9 

80 nth 

| 70 L 

WwW 

=| 60 

° 

3| 50 

w| 40 

a 

3] 30 

al 

a} 20 

bt 

2! 10 | 

O° it | 
(ete Fee SCE tte 2 ul 
WEEKS MONTHS YEARS YEARS 


Fig. 20. Correlation of intelligence quotient to age at beginning treatment. 
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MOTHERS FATHERS SIBLINGS PATIENTS 
Fig. 21. Intelligence quotients found in galactosemic families. 


The effect of treatment on intellectual development is less clear. A 
number of authors!” report “mental deficiency” in spite of early treat- 
ment. The question remains open whether the mental defect is an 
integral manifestation of the disease, a complication of the metabolic 
defect or a combination of the two. Nevertheless the role of the meta- 
bolic defect is clearly important. Correlation of the intelligence quotient 
with age at onset of therapy for 15 galactosemic children (Fig. 20) 
suggests that the age at which treatment is begun influences the level 
of intelligence gained. Those patients given a lactose-free diet late in 
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their initial development have a significantly lower intelligence quotient 
than those diagnosed and treated early. The range of intelligence 
quotient for this group of children was 11 to 108. Three of the affected 
children were mentally defective, five were borderline, and seven were 
low normal or normal in intelligence. In contrast, the range of intelli- 
gence quotient was 78 to 117 in unaffected siblings and 78 to 123 in 
the group of parents (Fig. 21). 

At present it is uncertain to what extent treated children outgrow 
galactose intolerance. Certainly, some tolerance to galactose is gained 
with age, but heavy loads of galactose (e.g., the galactose tolerance 
test) are no better handled than before treatment, even in children 
treated as long as 10 years. The acquisition of tolerance to galactose 
would rest physiologically upon the development of alternate metabolic 
pathways, and one such route has been shown to exist (reaction 5 
above). The activity of the enzyme for this reaction (UDPGal pyro- 
phosphorylase) is low in neonatal liver, but it increases with age, sup- 
porting the concept of increasing tolerance to galactose. 


SUMMARY 


Galactosemia is a genetic disease. It has been established that a spe- 
cific enzyme system (galactose-l-phosphate uridyl transferase) is de- 
fective in affected persons. Further, it is now possible to detect the 
presence or absence of the enzyme by direct measurement in erythro- 
cytes. Assays available are sufficiently sensitive to permit detection of 
the carrier state. The main clinical features are failure to thrive, hepatic 
and splenic enlargement, jaundice and cataract formation. Consistent 
laboratory findings are galactosuria, proteinuria and amino-aciduria. 
The major clinical manifestations, with the exception of cataracts and 
mental retardation, may be reversed by removal of galactose from the 
diet, effected by elimination of milk products. The effect of treatment 
on cataract and mental retardation is variable. It is clear that optimal 
results are obtained with early treatment. Diagnosis has been facilitated 
by use of specific enzymatic methods. 
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AMINO-ACIDURIA 
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Amino acids are absorbed from the intestine and are taken up by liver 
and other tissue cells and metabolized or incorporated into tissue pro- 
tein. The metabolic balance is so regulated that levels of the individual 
amino acids in plasma are maintained which are characteristic for each 
compound. The plasma amino acids are filtered through the glomerular 
membranes, but as in the case of glucose, the renal tubule cells normally 
reabsorb the great bulk of the filtered amino acids so that little of these 
essential nutrients is lost in the urine. The efficiency of reabsorption 
does differ with respect to the different amino acids, a fact which 
accounts for the finding that a few such as glycine, histidine and 
methyl-histidine make up the largest proportion of the free amino acids 
in urine. 

The homeostatic mechanisms for control of plasma amino acid 
levels operate so that differences in dietary intake of protein do not 
greatly affect the plasma concentrations and consequently the urinary 
excretions unless an associated metabolic anomaly exists. If renal 
tubular reabsorption of amino acids is diminished either by inborn 
defects of renal tubule cell transport mechanisms or by acquired tubular 
injury, the excretion of amino acids will be greatly increased. This 
will be amplified in the section on renal amino-aciduria. The concen- 
tration of amino acids in plasma remains in the normal range in this 
type of amino-aciduria since tissue utilization of amino acids is not 
altered. 

Increases of plasma amino acid concentrations can occur as the result 
of disturbances of cellular metabolism of these compounds. As the 
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result of hyperamino-acidemia the filtered load of amino acids may be 
great enough to exceed tubular reabsorptive rates, resulting in increased 
appearance of amino acids in urine. The amino-aciduria of hyperamino- 
acidemic states does not involve any abnormality of renal tubular func- 
tion. The problem of study of amino-aciduria is much more complex 
than the analogous one of glycosuria, because each amino acid must 
be determined separately since the enzymatic mechanisms for their 
cellular uptake and metabolic transformation can be individually dis- 
turbed, and the renal tubular mechanisms for their reabsorption may 
likewise be specific for individual amino acids or groups of amino 
acids. 

The development of micro methods for determination of the indi- 
vidual amino acids in plasma and urine has given great impetus to the 
study of the clinical disorders associated with abnormalities of amino 
acid metabolism and excretion. Probably the most rapid advance oc- 
curred as the result of Dent’s* application of the paper chromatographic 
technique to this problem. This opened the way to the semiquanti- 
tative estimation of almost all the separate amino acids in urine and 
plasma and the separation of the renal amino-acidurias and the hyper- 
amino-acidemic amino-acidurias. A brief description of the various 
techniques useful in the study of amino-aciduria is given at the end of 
the paper. 


GENERALIZED HYPERAMINO-ACIDEMIA AND AMINO-ACIDURIA 


This occurs only as the result of severe liver injury?® with depression 
of the rate of deamination and metabolic transformation of all amino 
acids. Since the liver injury must be far advanced before amino-aciduria 
is extreme, this is not a particularly useful determination in the diag- 
nosis of liver disease and the assessment of liver function. The absolute 
differentiation of hepatic amino-aciduria requires the determination of 
plasma amino acid concentrations, but a tentative diagnosis can be 
made on the basis of the pattern of amino-aciduria. In hepatic amino- 
aciduria the excretion of the sulfur-containing amino acids (taurine, 
methionine and cystine), @-amino-isobutyric acid and ethanolamine is 
greater relative to the other amino acids than in the forms of general- 
ized amino-aciduria resulting from renal tubular defects. 


ABNORMALITIES OF INTERMEDIARY METABOLISM OF SPECIFIC AMINO 
ACIDS 


Inborn errors of metabolism of specific amino acids are now recognized 
in which the concentration of a particular amino acid or group of 
amino acids rises to abnormally high levels in the plasma, thus causing 
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excessive excretion of the specific amino acids in the urine. The im- 
portant clinical feature of this group of disturbances of amino acid 
metabolism is the associated disorder of brain metabolism and function. 
The three recognized syndromes of this group are phenylketonuria, 
maple syrup urine disease and arginino-succinic-aciduria. 


Phenylketonuria 


This is a genetically determined metabolic abnormality transmitted by 
an autosomal recessive gene.** The fundamental biochemical lesion is 
deficiency of phenylalanine hydroxylase, the liver enzyme necessary for 
the conversion of phenylalanine to tyrosine. This transformation is 
necessary for the metabolism of phenylalanine, and its failure causes 
the accumulation of phenylalanine in plasma and its excretion in urine. 
The associated mental deficiency is probably due not to any direct 
effect of phenylalanine on brain metabolism, but to the formation of 
organic acids or amines resulting from the deamination or decarboxyla- 
tion of the phenylalanine. One of these acids, phenylpyruvic acid, can 
be readily detected in the urine by the green color produced by the 
addition of ferric chloride, and this is the basis for the most common 
diagnostic test for this disorder. Since the development of phenylala- 
nine-low diets it has been possible by dietary means to reduce the 
concentrations of phenylalanine in the serum of phenylketonurics to 
more normal levels and to prevent or minimize the brain damage. 
Dietary management is of value only if started in infancy, so that early 
diagnosis and proper supervision of such patients are important.°° 


Maple Syrup Urine Disease 


This strangely named disorder derives its name from the characteristic 
odor of the urine due presumably to the excretion of alpha-keto acids. 
This is a familial disorder in which the infants suffer from severe 
neurologic manifestations with death in early childhood. According to 
Menkes,'*: !° the primary disturbance is in the metabolism of the alpha- 
keto acids derived from valine, leucine and isoleucine. These amino 
acids eventually also accumulate in plasma and are excreted in excess 
in the urine. As yet no therapy of this fatal metabolic disorder has 
been developed. 


Arginino-succinic-Aciduria 


L-arginino-succinic acid was found in excessive concentrations in cere- 
brospinal fluid, plasma and urine of two mentally deficient siblings.’ ® 
This appears also to be a rare recessive inherited abnormality of inter- 
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mediary metabolism in which an amino acid derivative accumulates 
in body fluids in association with brain dysfunction. 


It is possible that other rare abnormalities of amino acid metabolism 
may be discovered in association with central nervous system disease. 
However, routine chromatographic studies of urine amino acids in 
populations of mentally retarded children have indicated that obvious 
abnormalities of this type are rare. Nevertheless they represent an im- 
portant group, since they provide an approach to the study of metabolic 
processes which influence the development and function of the brain. 


HYPOPHOSPHATASIA AND PHOSPHOETHANOLAMINE EXCRETION IN URINE 


This is a rare familial disease inherited as a recessive characteristic. The 
salient features are severe bony lesions resembling rickets, and disturb- 
ances of dentition and skull growth.*+ Alkaline phosphatase levels in 
serum and tissues are greatly reduced. Phosphoethanolamine is found 
in the urine in detectable amounts. This compound reacts with nin- 
hydrin like an amino acid and is detected by chromatographic methods. 
The increased excretion in urine is presumed to be due to accumulation 
of this compound in the plasma. 


PHYSIOLOGY OF RENAL EXCRETION OF AMINO ACIDS 


The recognition of abnormal patterns of urine amino acid excretion 
requires an understanding of the manner in which these substances are 
handled by the normal kidney. Doolan and his colleagues'® and 
Evered'! have measured the endogenous renal clearances of each of 
the free alpha-amino acids in normal adults. The values in Figure 22 
depict a representative example of the normal relationship between 
the plasma concentrations and the urine excretions of the individual 
amino acids in the fasting healthy adult. The data in Figure 22 show 
that the reabsorption of each amino acid from the glomerular filtrate 
by intact renal tubules is virtually complete, so that an insignificant 
quantity is lost in the urine. Histidine, with the highest clearance, is 
actually 95 per cent reabsorbed. For most of the amino acids 98 to 
100 per cent of the filtered load is reabsorbed by the tubule cells. Efh- 
cient kidney function prevents fall in plasma amino acid concentrations, 
while efficient hepatic function operates to prevent significant increase 
in their concentrations. These factors serve to stabilize plasma amino 
acid concentrations. 

The data in Figure 22 also reveal that not only does the plasma 
concentration of each amino acid differ, but so also, in an unrelated 
manner, do their individual endogenous renal clearances. These inde- 
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pendent variables account for the fact that the distribution of amino 
acid concentrations in the urine is quite different from that found in 
the plasma. Studies in children have yielded results which are in accord 
with the data in Figure 22. 

This normal pattern of amino acid excretion in the urine is remark- 
ably constant both qualitatively and quantitatively. Diet has little in- 
fluence upon it. The total alpha-amino acid excretion in the urine is 
approximately 2.5 mg. per kilogram of body weight per day in healthy 
children,® a loss that is insignificant in relation to normal protein 
intake. When dietary protein intake is increased above the usual 
amounts, an increased excretion of histidine, taurine and methyl-histi- 
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Fig. 22. Plasma concentrations and urine excretion of amino acids. These are fasting 
values obtained during the course of endogenous renal clearance studies in a healthy 
young male adult. Since the measured glomerular filtration rate in this case is 112 ml. 
per minute, the plasma concentrations (micromols per 100 ml.) approximate the 
filtered load (micromols per minute). Note that the scale for urine excretion is 10 
times the scale for plasma concentration. Note further that the tubular reabsorption 
of all amino acids is virtually complete, so that only a small fraction of the filtered 
load of each is actually excreted in the urine. Glycine, the amino acid whose excre- 
tion is the greatest, is actually 96 per cent reabsorbed. There is considerable variation 
in both plasma concentrations and endogenous clearance rates. These independent 
variables account for the fact that the normal distribution of amino acids in the urine 
is quite different from that in the plasma. (Redrawn from the data of Doolan and 
colleagues.1°) (From J. J. Chisolm, Jr.: The Clinical Significance of Aminoaciduria. 


J. Pediat., Vol. 55.) 
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dine may be observed, but no generalized increase in urine amino acid 
excretion results. Parenteral administration of protein hydrolysates in 
the amounts customarily used in clinical practice does not elevate 
plasma amino acid concentrations sufficiently to cause a significant 
loss in the urine. In acute starvation an increased excretion of beta- 
amino-isobutyric acid has been observed. This probably represents 
excessive protein catabolism, since beta-amino-isobutyric acid is an end 
product of pyrimidine metabolism. In chronically and severely mal- 
nourished children plasma amino acid concentrations may be signifi- 
cantly lowered. Increased amino acid excretion has been reported in 
patients with kwashiorkor, but the problem in children with lesser 
degrees of malnutrition has not been adequately studied to permit 
conclusions. 

Only in premature and young full-term infants is the normal pattern 
of amino acid excretion both qualitatively and quantitatively different 
from that found in older children and adults. Childs® found that such 
infants excrete approximately 8.5 mg. of alpha-amino nitrogen per kilo- 
gram of body weight per day, an amount 3 to 4 times greater than that 
found in older children. The pattern of amino acid excretion in neo- 
nates and very young infants differs from the pattern shown in Figure 
22 in that the quantities of lysine, cystine, taurine, tyrosine, proline 
and hydroxyproline are increased in relation to the other amino acids 
present in the urine.** These differences may be attributed both to 
immaturity of renal function and to other transient aberrations of 
intermediary metabolism. During the latter half of the first year of 
life these differences diminish, and the pattern characteristic of later 
life supervenes. 


PATHOLOGIC RENAL AMINO-ACIDURIA 


Renal amino-aciduria may be defined as the excretion of increased 
amounts of one or more amino acids in the urine in the presence of 
normal plasma concentrations. Under these conditions it may be pre- 
sumed that defective renal tubular reabsorption is the principal factor 
responsible for the abnormality. The various diseases associated with 
renal amino-aciduria are listed in Table 11. Some of these diseases 
cause defects in renal tubular function only; others impair the function 
of many organs. In this latter group the amino-aciduria is a manifesta- 
tion of the effect of the disease upon renal tubular function. Renal 
amino-aciduria may be subdivided, depending upon whether the under- 
lying disease diminishes the renal tubular reabsorption of many or of 
only a few amino acids. The first is termed “generalized,” the second 
“specific” renal amino-aciduria. 
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TABLE 11. Types of Amino-aciduria 


GENERALIZED SPECIFIC 





“Overflow” Amino-aciduria 





Severe liver disease Phenylketonuria 
Hyperglycinuria 
(Hypophosphatasia*) 
(Arginino-succinic-aciduria* ) 
*‘Maple syrup urine disease” 





Renal Amino-aciduria 





Cystinosis Cystinuria 
Fanconi syndrome (infantile and adult forms) 8-Amino-isobutyric-aciduria 
Vitamin D deficiency states Hartnup’s syndrome 
Heavy metal intoxications (lead, cadmium, uranium, Vitamin C deficiency 

mercury ) (generalized plus tyrosine 
Other poisonings (Lysol) and ? phenylalanine) 
Wilson’s disease Simple glycinuria 
Galactosemia 


Congenital renal tubular acidosis 
Luder-Sheldon syndrome 
Multiple myeloma 

Glycogen storage disease 

Lowe’s syndrome 





Unclassified Amino-acidurias 





Nephrosis Vitamin D-resistant osteoma- 
Increased protein catabolism (i.c., burns, cortisone, lacia with hyperglycinuria 
muscle degeneration, etc. ) 





* Substance excreted is not an a-amino acid, but a closely related compound. 


From J. J. Chisolm, Jr.: The Clinical Significance of Aminoaciduria. 7. Pediat., 
55:303, 1959. 


Specific Renal Amino-acidurias 


Among the specific renal amino-acidurias cystinuria has been the most 
extensively studied and is the best understood.2* The disease was first 
recognized by Wollaston in 1810. It is most frequently familial and 
results from an inborn error of metabolism whose sole physiologic 
expression is a defect in the renal tubular reabsorption of cystine and 
the basic amino acids lysine, arginine and ornithine. Other amino acids 
are found in the plasma and urine in normal amounts, so that the 
renal defect is apparently limited to a step in the reabsorptive pathway 
shared by and essential for these four amino acids only. Stein?* has 
found that cystinuric adults excrete on the average 0.73 gm. of cystine, 
1.8 gm. of lysine, 0.83 gm. of arginine and 0.37 gm. of ornithine. In 
the case of cystine this value is indicative of almost totally deficient 
tubular rcabsorption. Cystine is the least soluble of amino acids within 
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the usual range of urinary pH. Between pH 5.0 and 7.0 its solubility is 
300 to 400 mg. per liter of urine. Owing to this fact, cystine precipi- 
tates in the urinary tract and calculi form; otherwise the condition 
would be harmless. Pure cystine calculi are themselves radiolucent. 
They are, however, frequently co-precipitated with calcium salts in the 
urine, rendering such stones radiopaque. 

Cystinuria is responsible for approximately 1 per cent of the cases 
of urinary calculi in adults. In children the disease accounts for a much 
larger proportion of calculi. The diagnosis of cystine calculi is not always 
obvious, particularly when the urine is grossly infected, as the following 
case will serve to illustrate. 


Case I. G.R., a 10-year-old white boy, was hospitalized because of right-sided ab- 
dominal pain of 3 weeks’ duration. The urine was grossly infected. Pyelography re- 
vealed advanced hydronephrosis with staghorn calculus on the right side. The urine 
was examined microscopically for cystine crystals; none was found. The infection was 
controlled with antibiotics, after which a right nephrectomy was performed. After 
operation urine specimens were submitted for analysis. All samples gave a strongly 
positive nitroprusside test for cystine, and paper chromatographic study revealed grossly 
increased amounts of cystine, lysine, arginine and ornithine in the urine, the pattern 
characteristic of cystinuria. Cystine crystals were identified in the native urine only 
after repeated crystallizations. Similar studies of the other living members of this fam- 
ily gave normal results. A deceased paternal grandfather had a history of urinary cal- 
culi. The child is now being treated according to the principles outlined below. 

This case emphasizes the value of amino acid chromatography in the 
study of patients with urinary calculi. Treatment of the disease is purely 
prophylactic and is based upon the pH-solubility curve of cystine. 
Whereas cystine is sparingly soluble in acid urine, its solubility can be 
increased from 300 mg. per liter to 600 to 1000 mg. if the urinary pH 
is raised above pH 7.6. Therapeutically, one can keep the urine very 
dilute by having the patient drink sufficient water both day and night. 
In this regimen it is most important to keep the urine dilute during 
the night. Alternatively, a combination of high water intake and 
alkalinizing salts such as sodium and potassium citrate may be used. 
Dent and Harris prefer the former regimen. Alkalinizing salts must be 
administered carefully if the hazards of overdosage are to be avoided. 
To reduce the excretion of cystine in the urine, methionine intake must 
be restricted. This, in turn, requires drastic reduction in protein intake. 
Although this approach has been used in adults, it is not advisable in 
growing children. 

Since the disorder is heredofamilial, studies of all family members 
are clearly indicated. In general, two patterns of inheritance are recog- 
nized: “recessive” cystinuria and “incompletely recessive” cystinuria. 
In the “recessive” form the affected persons show the complete defect, 
while other family members show none. In the “incompletely” recessive 
form three phenotypes are found: homozygous affected persons; hetero- 
zygous persons who can transmit the disease, but are not themselves 
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prone to stone formation; and homozygous normal persons. Paper 
chromatography can be of great use in the elucidation of genetic pat- 
terns and in the detection of unsuspected cases. These cases can then 
be treated prophylactically before severe secondary renal complications 
supervene. Cystinuria has been thoroughly discussed by Harris and 
Robson.** 

Beta-amino-isobutyric-aciduria is another form of genetically deter- 
mined specific renal amino-aciduria. It is of considerable interest to 
geneticists and ethnologists, since the incidence varies among different 
ethnic groups. Evered'! has demonstrated by the clearance technique 
that the gene’s expression is limited to defective renal tubular reab- 
sorption of beta-amino-isobutyric acid. This disorder is of no clinical 
consequence. 

The Hartnup syndrome represents a specific renal amino-aciduria in 
which the tubular defect in amino acid reabsorption represents only one 
and perhaps the least important manifestation of the disease, from the 
metabolic standpoint. The tubular reabsorption of many amino acids 
is diminished, but that of serine, threonine, asparagine, histidine and 
tyrosine is diminished to a far greater extent than is the reabsorption 
of the other amino acids. This syndrome can readily be recognized by 
the distinctive urine amino acid pattern which these tubular defects 
produce. Increased excretion of indole-3-acetic acid and indican also 
occurs, suggesting an associated defect in tryptophan metabolism. To 
emphasize its diverse effects Dent and his associates? have termed this 
familial disorder “hereditary pellagra-like skin rash with temporary 
cerebellar ataxia, constant renal aminoaciduria, and other bizarre bio- 
chemical features.” The exact metabolic derangement remains to be 
elucidated, but the clinical features suggest a congenital form of 
pellagra. It is apparently not identical with pellagra, since the few 
patients with nutritional pellagra who have been studied do not show 
the characteristic amino-aciduria. Furthermore, the response of patients 
with the Hartnup syndrome to nicotinic acid has been erratic. Since 
the patients may be quite photosensitive, protection from sunlight 
offers the only therapeutic approach at present. According to Baron and 
colleagues,” nicotinic acid may be beneficial in the acute episodes of 
skin rash, ataxia and cerebral depression which these patients suffer. 
The Hartnup syndrome illustrates the fact that amino-aciduria, be it 
generalized or specific, may represent but one among many cellular 
dysfunctions which a disease can produce. 


Generalized Renal Amino-aciduria 


In a number of diseases the available evidence suggests that the endog- 
enous renal clearances of all amino acids are uniformly increased. Only 
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in the adult Fanconi syndrome have the endogenous renal clearances 
of each amino acid been measured by precise quantitative techniques. 
Here the renal origin of the amino-aciduria seems clearly defined. In 
the other conditions in which the generalized amino-aciduria is classi- 
fied as renal in origin, the evidence is based upon a combination of 
total alpha-amino nitrogen determinations and semiquantitative esti- 
mates of individual amino acid concentrations. In some cases the evi- 
dence is even more tenuous. 

Several examples of generalized renal amino-aciduria are shown in 
Figure 23. Comparison of the urine excretion patterns in Figures 22 and 
23 reveals that those amino acids whose endogenous renal clearances 
are normally the greatest are the ones present in the highest concentra- 
tions in each pathologic specimen. Only in the most severely affected 
patients is the excretion of all amino acids grossly increased. When 
the pathologic patterns are arranged according to the quantitative 
severity of each, a qualitative similarity between them is apparent 
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Fig., 23. Urinary amino acid excretion patterns in various diseases, according to 
severity of amino-aciduria. The data are based upon semiquantitative paper chromat- 
ograms of urine. The concentrations of each amino acid are presented graphically on 
an arbitrary scale of color intensity (scale is 1 to 6). The solid portions of the bars 
represent average color values from 10 normal children and are superimposed upon 
each patient’s values. The urine samples are arranged from left to right in order of 
decreasing over-all severity of amino-aciduria. Reading from left to right, a propor- 
tionate decrease in relative amino acid concentrations occurs as over-all severity de 
creases. This illustrates the qualitative similarity between these patterns. The clinical 
diagnosis is shown at the top of each pattern. (From J. J. Chisolm, Jr.: ‘The Clinical 
Significance of Aminoaciduria. J. Pediat., Vol. 55.) 
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(Fig. 23). This suggests that all the diseases associated with generalized 
renal amino-aciduria exert their injurious effects upon some aspect of 
renal tubular metabolism which is common to the reabsorption of all 
amino acids. 

Although the active tubular transport mechanisms by which amino 
acids are reabsorbed from the glomerular filtrate are unknown, various 
indirect lines of evidence point to the proximal segment of the tubule 
as the principal site of amino acid reabsorption. Generalized renal 
amino-aciduria frequently occurs in combination with renal glycosuria 
and phosphaturia. Glucose and phosphate are reabsorbed by the proxi- 
mal tubule. Darmady’s? recent histochemical demonstration of vitamin 
D localization in the proximal tubule fortifies the evidence obtained 
by the clearance technique that vitamin D functions in regulating 
phosphate reabsorption. In the various types of heavy metal poisoning 
associated with amino-aciduria pathologic lesions are likewise found 
here. 

When urine amino acid chromatograms reveal the pattern of gen- 
eralized renal amino-aciduria, thorough studies are required to establish 
an accurate clinical diagnosis. This form of amino-aciduria is frequently 
associated with other deficiencies of tubular functions. Some of these 
combinations are listed in Table 12. For example, renal glycosuria, 
“potassium-losing nephritis” and nephrogenic diabetes insipidus can 
occur either as discrete entities or as components of multiple tubular 
dysfunctions.'§ Since the picture varies in each patient, rational therapy 
is dependent upon thorough diagnostic studies, including urine amino 
acid chromatography. 

The data in Table 12 also indicate that generalized renal amino- 
aciduria is frequently associated with hypophosphatemic states which 
in turn are usually associated with osteomalacia or rickets. It is in 
patients with osseous disturbances that urine amino acid studies are 
perhaps the most useful in establishing an accurate clinical diagnosis. 
The following brief case summaries illustrate some of these points. 


Case II. S.H. progressed normally during the first year of life. He weighed 25 pounds 
at 12 months of age. Both parents and a 10-year-old sibling were in good health. Dur- 
ing the second year of life the patient had anorexia, polydipsia and polyuria. 
Developmental progress slowed and rickets became obvious. By 20 months of age the 
patient had lost 5 pounds. Physical examination showed signs of rickets, which were 
confirmed by x-ray, but not other abnormalities. Serum chemistries revealed calcium, 
10.8 mg. per 100 ml.; phosphorus, 2.2 mg.; and alkaline phosphatase activity, 22 King- 
Armstrong units. On one occasion serum potassium was 2.7 mEq. per liter; other de- 
terminations were within normal limits. Serum sodium, chloride and bicarbonate 
values fluctuated. Urinalyses showed constant glycosuria, intermittent albuminuria 
and specific gravities of 1.006. His polyuria was found to be resistant to Pitressin. A 
gross generalized renal amino-aciduria was found. Upon therapy with moderate doses 
of vitamin D, sodium and potassium citrate and increased water intake, the electrolyte 
disturbances ameliorated, the rickets healed, and growth and developmental progress 
resumed. Clinically, he continues to do well on this therapy. However, the amino- 
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aciduria persists gross and unchanged. The diagnosis was Fanconi syndrome, con- 
genital form. 


Case III. K.V. was first referred for study at the age of 3% years with a diagnosis 
of resistant rickets. The child’s family and past history were noncontributory. Both 
parents and 3 siblings were living and well. The child had progressed well during the 
first 18 to 24 months of life. He had received daily vitamin D supplements. Although 
his mother felt that he had grown normally, his appetite had always been poor and 
he weighed only 17 pounds at 2 years of age. At 40 months of age a diagnosis of 
rickets was made, and the patient was begun on 40,000 units of vitamin D daily. 
After 8 weeks the rickets showed no response to this therapy, and he was referred for 
study. On admission to the hospital the patient weighed 24 pounds. The only positive 
physical findings were small stature and rachitic deformities. X-ray studies revealed 
active rickets and early bilateral nephrocalcinosis. Serum electrolyte studies revealed 
consistently low serum bicarbonate values, borderline low serum phosphorus values 
and a moderate increase in alkaline phosphatase activity. Urinalyses showed consis- 
tently low specific gravities (1.004 or less), neutral pH (pH 6.5 to 7.0) and mild 
glycosuria. A generalized renal amino-aciduria of moderate severity was found. Prior 
to the institution of therapy the patient had received no vitamin D for approximately 
6 weeks. Therapy with sodium and potassium citrate mixture was started and con- 
tinued for 6 weeks without vitamin D. The acidosis responded to therapy, hyperamino- 
aciduria disappeared, and early healing of the rickets became evident on x-ray. At this 
point vitamin D (5000 units daily) was added to the therapy. During the ensuing 
2 months decided healing of the rickets occurred. The diagnosis was congenital renal 
tubular acidosis. 


Case IV. B.H. was a 35-month-old child referred for study because of delay in 
walking, short stature and bowing of the legs. The child’s growth and development 
were reported to have been normal during early infancy. The patient’s diet had always 
included fortified evaporated milk. During early infancy sporadic additional vitamin D 
supplements had also been administered. Physical examination revealed moderately 
severe rachitic deformities, but not other abnormalities. Long bone x-ray films showed 
active rickets. Serum electrolyte studies showed decreased serum phosphorus concen- 
tration and elevated alkaline phosphatase activity. Fat absorption as measured by the 
vitamin E absorption test was normal, and no steatorrhea was noted. Routine uri- 
nalyses gave normal results. The patient showed no response to a test dose of 600,000 
units of vitamin D. (An immediate rise in serum phosphorus concentration would 
have been anticipated in the vitamin D-responsive subject.) Paper chromatography 
showed a normal amino acid excretion pattern in several samples. The patient’s rickets 
has since healed satisfactorily in response to administration of dihydrotachysterol (AT 
10). There was no familial history of similarly affected persons. Both parents and all 
the patient’s 8 siblings have normal physical findings, normal serum phosphorus con- 
centrations and normal long bone x-ray films. The diagnosis was nonfamilial vitamin 
D-resistant rickets. 


These cases illustrate the varied etiology of rickets and osteomalacia 
which are refractory to treatment with ordinary doses of vitamin D.° 
Cases II and JII have many features in common. They could be differ- 
entiated only by the presence of nephrocalcinosis and the disappearance 
of amino-aciduria during therapy in the patient with congenital renal 
tubular acidosis. In the congenital form of the Fanconi syndrome 
amino-aciduria persists whether or not the patient responds to therapy. 
Disappearance of amino-aciduria and healing of rickets upon the ad- 
ministration of alkalinizing salts may be taken as evidence that the 
amino-aciduria and hypophosphatemia were secondary effects of the 
chronic acidosis in case III. 
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Normal urine amino acid excretion serves to differentiate vitamin 
D-resistant rickets from the hypophosphatemic states associated with 
generalized renal amino-aciduria. In both the familial and nonfamilial 
forms of vitamin D-resistant rickets which require large doses of vitamin 
D or dihydrotachysterol to effect healing,'* urine amino acid excretion 
is either normal or only minimally increased. The findings in case ITV 
serve to distinguish these patients from a small group with vitamin 
D-resistant osteomalacia in whom an increased urinary excretion of 
glycine and (to a less extent) of proline and 1-methyl-histidine may 
be found. 

The term “Fanconi syndrome,” of which case II is an example, is 
now applied to a much wider group of patients than it was initially. 
These patients show a variable constellation of defects in the tubular 
reabsorption of sodium, potassium and water. These lead to chronic 
acidosis, dehydration and growth failure. The constant features, how- 
ever, are renal glycosuria, amino-aciduria and phosphaturia. A variety 
of diseases, both congenital and acquired, produce this last triad of 
renal tubular dysfunctions, so that the term “Fanconi syndrome” is 
now applied to this functional triad regardless of its etiology. When 
present, rickets results from the tubular defect of phosphate reabsorp- 
tion which leads to hypophosphatemia. It can be treated with variable 
success by a combination of vitamin D and alkalinizing salt administra- 
tion. Therapeutically, one tries to restore water and electrolyte equi- 
librium and to achieve the maximum healing of the rickets consistent 
with avoidance of the toxic side effects of hypervitaminosis D and 
excessive alkalinization. 

When first discovered, the “swan neck” anatomic deformity of the 
proximal renal tubules was considered the anatomic basis of the func- 
tional defects in the congenital form of the Fanconi syndrome. It is 
now recognized that not all such patients show this deformity. Further- 
more, patients with familial nephrosis have the same anatomic lesion, 
but not the same functional defects. ‘Thus the concept of the congenital 
form of the Fanconi syndrome as a primary anatomic and functional 
defect of the proximal renal tubules appears no longer tenable.?* 

In Case II the Fanconi syndrome probably resulted from an inborn 
error of metabolism. Had cystine crystals been found in the tissues, a 
diagnosis of cystinosis (Lignac-Fanconi disease with cystine storage* *) 
would have been in order. All other findings in this case are compatible 
with such a diagnosis. Cystinosis is a genetically determined disease 
transmitted as a simple recessive mendelian character. Its incidence is 
one in 40,000 in the general population. Cystinosis is characterized by 
widespread storage of cystine in the tissues and is associated with multi- 
factorial tubular defects which may vary somewhat from one patient 
to another. The primary disorder, although still obscure, probably is a 
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generalized metabolic disturbance. The renal tubular defects represent 
one of its expressions and the storage of cystine in the reticuloendo- 
thelial cells another. Recently Bickel* showed in longitudinal studies 
that urine amino acid excretion is normal during the first four to six 
months of life. This is consistent with previous observations that the 
other disturbances of tubular function may not appear until one to 
two years of age. Thus amino-aciduria is apparently a secondary rather 
than a primary manifestation of cystinosis. 

In patients in whom the Fanconi syndrome constitutes the expression 
of an inborn error of metabolism, all components of the triad are 
usually present and accompanied by radiologically overt rickets. In the 
acquired forms the pattern is variable, the complete syndrome emerging 
only in the most severely affected patients. For example, studies of 
childhood plumbism show that the complete syndrome including overt 
tickets has been encountered in only one child whose lead intoxication 
was both chronic and severe. The triad of renal tubular dysfunctions 
without obvious rickets has been seen in a number of less severe cases 
of childhood lead poisoning. In still milder cases only hyperamino- 
aciduria may be found. Vitamin D deficiency states may result both 
from deficient intake and impaired intestinal absorption of the vitamin. 
In either case rickets, hypophosphatemia in the presence of hyper- 
phosphaturia and amino-aciduria occur, but glycosuria is not found. 
In Wilson’s disease hyperamino-aciduria is frequent but inconstant 
and osteomalacia is rare. In galactosemia hyperamino-aciduria occurs 
only when galactose is present in the diet, but other components of the 
Fanconi syndrome have not been observed. 

The functionally important feature of the Fanconi triad is appar- 
ently the hypophosphatemia. This is absent in the Luder-Sheldon syn- 
drome, in which severe renal amino-aciduria and glycosuria are present. 
The patients so affected are apparently in good health and were dis- 
covered only as the result of a thorough investigation of their glycosuria. 

The reversibility and quantitative variability of the acquired forms of 
hyperamino-aciduria suggest that generalized renal hyperamino-aciduria 
is a sensitive but nonspecific index of impaired renal tubular function. 
Viewed in this light, it is not surprising that it occurs not only as a 
component of disturbances which are primarily renal, but also as an 
index of renal injury in diseases whose most striking clinical features 
usually involve hepatic or central nervous system injury. In heavy 
metal intoxications, galactosemia, Wilson’s disease, Lowe’s syndrome 
and glycogen storage disease, the renal amino-aciduria should be con- 
sidered just one aspect of widespread systemic disease. 

Lastly, generalized amino-aciduria has been observed in some diseases 
in which deranged protein metabolism is a well defined and prominent 
feature. In a few patients with multiple myeloma the occurrence of the 
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complete Fanconi syndrome is now well documented. Although this 
manifestation is thought to result from renal tubular injury by the 
myelomatous process, further study is needed to clarify the relationship. 
In conditions such as widespread muscle degeneration, burns and corti- 
sone administration, in which protein catabolism is accelerated, gross 
generalized amino-aciduria is also found. The origin of the amino- 
aciduria in these conditions is not yet clear. 

The rate of protein catabolism is also increased in nephrosis. Doolan’s 
group’ has performed careful renal amino acid clearances in two adults 
with the nephrotic syndrome. One patient with no evidence of 
glomerular disease showed only a minimal increase in amino acid 
excretion, and a normal response to ACTH administration and amino 
acid loading. ‘The other patient with evidence of chronic glomerulone- 
phritis had a gross generalized amino-aciduria which increased little 
upon amino acid loading and decreased significantly in response to 
ACTH. Woolf and Giles** used paper chromatographic techniques to 
study a group of 29 children with the nephrotic syndrome. Most of the 
patients exhibited amino-aciduria at some time during the active 
phase of the disease. The patterns of amino-aciduria could be separated 
into two groups which they called “R pattern” and “H pattern.” Their 
observations suggested that the “R pattern” may be associated with a 
grave prognosis, while the “H pattern” may portend a more hopeful 
outcome. These observations remain to be confirmed. The nature of 
the amino-aciduria in the nephrotic syndrome and its relation to the 
dominant manifestations of this syndrome merit further study, for they 
may be of considerable significance. 


SUMMARY 


It is apparent that determinations of urine amino acids can provide the 
physician with valuable information in the differential diagnosis of 
syndromes whose presenting clinical features are often nonspecific, but 
point to skeletal, renal, hepatic or cerebral disease. In clinical research 
such studies have already increased our understanding of the metabolic 
derangements and genetic patterns in many diseases. They may be 
expected to bear additional fruit in the future. In pathologic amino- 
acidurias the increased loss of amino acids in the urine is not sufficient 
to require specific amino acid replacement therapy if the patient has 
an adequate protein intake. 
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APPENDIX 


Determination of Amino Acids 


Of the various analytical techniques for the determination of amino acids in plasma 
and urine, only those most frequently used in clinical studies will be discussed here. 
Each of these methods has both advantages and disadvantages. In order to select the 
appropriate method for a particular problem and to evaluate amino acid studies prop- 
erly, it is necessary to be familiar with the analytical limitations of each method. 
Many microchemical methods are based upon the reaction between ninhydrin and 
amino acids. In this reaction the amino acid is converted to an aldehyde with the evo- 
lution of carbon dioxide and ammonia. The ammonia evolved reacts in turn with 
more ninhydrin to form a blue-colored product. Other amino compounds and ammonia 
also form blue-colored products, so that this product of the reaction is not specific for 
alpha-amino acids. In fact, Westall2¢ has found in the urine some 80 nitrogenous com- 
pounds which react with ninhydrin to form blue-colored products. This nonspecific 
aspect of the ninhydrin reaction has facilitated the discovery of some abnormal me- 
tabolites which, chemically, are closely related to the alpha-amino acids. Moreover, 
the reaction is quite sensitive, so that it is especially useful in paper chromatography. 
The carbon dioxide evolved in the ninhydrin reaction is formed specifically from 
free alpha-amino acids and peptides with a free alpha-amino acid group. In the gaso- 
metric-ninhydrin technique of Van Slyke, MacFayden and Hamilton25 for determin- 
ing total alpha-amino nitrogen, the carbon dioxide evolved can be measured quantita- 
tively. This technique is precise and accurate, but does not separate individual amino 
acids. Free alpha-amino acids also form complex copper salts. This is the basis of 
another quantitative micro technique for measuring total free alpha-amino acids. Such 
methods are best used in conjunction with some other technique for estimating the 
concentrations of each amino acid. Important changes in the concentration of one 
or a few of the amino acids may not significantly alter the total alpha-amino nitrogen. 
The concentration of each amino acid can be measured by specific microbiologic 
and enzymatic methods, or by means of ion exchange resins and paper chromatogra- 
phy. The paper chromatographic technique is simple, rapid and quite adequate for 
most clinical problems. Its semiquantitative nature limits its application to plasma 
amino acid studies, but it is well suited for the analysis of urine in which the devia- 
tions from normal are often great. In this method the sample is applied near one 
corner of a square sheet of filter paper. The edge of the paper nearest the sample is 
dipped into a solution composed of water and an organic solvent. By capillary action 
the solvent mixture flows past the sample and on through the entire length of the 
paper. As the solvent mixture flows along the paper, the amino acids in the sample 
migrate in the same direction, but at different rates of speed. When the solvent mix- 
ture reaches the end of the paper, the paper is removed, dried, turned 90 degrees and 
dipped into a different solvent mixture. The amino acids partially separated now 
migrate at right angles to the line of migration in the first solvent mixture. They are 
now well separated and have a distribution in the paper characteristic for the par- 
ticular pair of solvent mixtures used. The paper is treated with ninhydrin, and the 
amino acids and related amino compounds ate revealed as blue spots on the paper. 
Eight to 12 samples can be analyzed simultaneously. In experienced hands the various 
patterns of amino-aciduria described can be easily recognized in two-dimensional chro- 
matograms. Choice of the proper analytical aliquot of urine is most important for the 
proper interpretation of paper chromatograms. One may use an aliquot based upon 
the 24-hour urine volume, the urine nitrogen content or the urine creatinine content. 
Of these, an aliquot based on the creatinine contents gives the most reproducible re- 
sults, since creatinine excretion provides an index of the glomerular filtration rate and 
its daily excretion is relatively constant. Urine amino acid excretion is not greatly in- 
fluenced by changes in diet as is the total nitrogen excretion, and it is not related to 
the volume of urine excreted. 
Accurate quantitative determinations of individual amino acids in both plasma and 
urine can be made by ion exchange chromatography and by microbiologic and enzy- 











350 AMINO-ACIDURIA 


matic methods. These precise techniques are essential for careful metabolic and renal 
clearance studies. All require specialized laboratory facilities, much time and consid- 
erable technical skill. The complete analysis of a single sample of plasma or urine by 
ion exchange chromatography takes 2 to 4 days. Ion exchange chromatography is the 
most accurate quantitative method for complete amino acid analysis.17> 21 

In the microbiologic technique!” conditions are produced in which the growth rate 
of a test bacterium is determined by the concentration in the medium of a particular 
amino acid. This method is accurate, but requires constant vigilance, since the growth 
requirements of the test bacterium may change and the sample may contain extraneous 
growth inhibitors. At present there is only a limited number of specific amino acid 
decarboxylase enzyme preparations, so that this technique can be applied only in 
studies involving the determination of a few individual amino acids. 
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KIDNEY BIOPSY IN THE STUDY OF 
RENAL DISEASE 


ROBERT L. VERNIER,* M.D. 


Physicians frequently encounter patients with renal symptomatology 
which is not clearly diagnostic of any one of the many recognized renal 
syndromes. Since hematuria, pyuria, proteinuria, cylindruria, and the 
frequently associated signs of edema, oliguria, polyuria and hyperten- 
sion, among others, may occur as prominent findings in a variety of 
circumstances of both disease and trauma, it is not surprising that 
diagnostic problems are frequently seen. Furthermore, progression of 
a variety of kidney diseases may result in distortion of renal morphol- 
ogy, ending in scarring of the nephrons and a noncharacteristic end- 
stage kidney which the pathologist studies post mortem. Correlation 
of the pathologic features of the functionally terminal organ with the 
sequence of events observed by the clinician is often unsatisfactory, and 
the pathogenesis of the diagnostic problem remains in question after 
the autopsy has been completed. 

The opportunity to correlate the clinical signs and symptomatology 
and the data obtained from laboratory tests with the morphologic 
changes which develop in the kidney during various phases of a disease 
is afforded by percutaneous renal biopsy. This concept has resulted in 
the application of renal biopsy as an important diagnostic technique. 

Percutaneous renal biopsy was introduced by Alwall' in 1944, utiliz- 
ing a large-bore needle which cut a cylinder of kidney which was 
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removed by aspiration into a syringe. This method was associated with 
complications and eventually discarded, although the potential value 
of a safe percutaneous renal biopsy technique was emphasized by the 
early reports.’ A modification of the procedure and use of a different 
needle, as reported by Muehrcke et al.!* in 1954, was followed by wide 
application of the method in many institutions throughout the world. 

Although few reports of kidney biopsy in children are available, the 
large experience from our laboratory indicates that the technique may 
be utilized in childhood, that it is reasonably safe when carefully per- 
formed, and that it provides invaluable aid in the diagnosis and man- 
agement of renal disease in this age group.?* 7° 


INDICATIONS FOR AND CONTRAINDICATIONS TO RENAL BIOPSY 


As with any procedure, therapeutic or investigative, the benefit to the 
patient expected from the effort must be weighed against the risks 
involved. Renal biopsy may be expected to aid in the diagnosis, and 
thus contribute information of therapeutic and prognostic value, in 
those diseases which have been shown by previous clinical and patho- 
logic studies to involve the renal parenchyma diffusely. A negative 
result, obtained in the circumstance of focal involvement of the kidney, 
might only increase the confusion in a diagnostic problem. The group 
of diseases, occurring in children, in which we have found the biopsy 
to be of greatest value includes various forms of glomerulonephritis and 
nephrosis, and the renal diseases associated with lupus erythematosus, 
diabetes and anaphylactoid purpura. These and other less clear diag- 
nostic categories will be discussed further below. 

Our experience has suggested that needle biopsy of the kidney should 
be limited to children of about two years of age or older. The very 
young child cannot be expected to cooperate, and since he presents a 
smaller renal mass, the margin for error in the position of the needle 
with regard to the renal veins and other areas of potential hazard is 
smaller in very young children than in the older child. When the 
circumstances appear to require morphologic evaluation of the kidney 
in the very young child, surgical exploration of the kidney with con- 
trolled resection of a biopsy specimen is probably the preferred method. 

Prudent use of the biopsy technique also requires that the patient 
have two kidneys, and that bleeding diatheses or abnormalities of the 
clotting mechanism be ruled out by appropriate studies. An intravenous 
pyelogram is obtained in all patients not in uremia (blood urea nitro- 
gen of less than 40 mg. per 100 ml.), and a retrograde pyelogram or a 
good abdominal film obtained if uremia is present. Studies of bleeding 
and clotting time, a prothrombin time, and an estimation of the 
platelet concentration are regularly obtained. 
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The procedure should always be performed in the hospital, where 
careful observation of blood pressure, urinalyses and postoperative 
palpation of the abdomen are possible. Observation of the patient for 
24 to 48 hours is essential, and during the first 12 hours after the 
biopsy the patient should remain in bed. 


THE METHOD 


Apprehensive children tolerate the procedure better when preoperative 
medications are given. A combination of chloral hydrate and Demerol 
in moderate doses has been the most effective drug in our experience. 
The patient is placed in the prone position over a sandbag or a tight 
roll of blankets which is at the level of the umbilicus. By using the 
intravenous pyelogram for orientation, the relationship of the lower 
pole of one of the kidneys to either a selected vertebral body or the 
tip of a rib is noted, and the approximate level of the lower pole 
marked on the patient’s back. The linear distance of the midline of the 
kidney from the vertebral spine is also noted, and the point of inter- 
section of the two lines is taken as the site for biopsy (Fig. 24). The 
skin is carefully cleaned and draped, and the prepared biopsy site is 
infiltrated with intradermal, subcutaneous and intramuscular injec- 
tions of 1 per cent procaine. Most children will cooperate well after 
good local anesthesia has been induced, and few children complain of 
pain during the subsequent phases of the biopsy procedure. A long no. 
22 spinal needle (an excellent exploring probe) is introduced at the 
selected biopsy site in a slightly cephalad direction and parallel to the 
vertebral spines, through the skin, subcutaneous tissue and muscle. 
Each of these layers can be felt independently by the experienced 
observer and the distinctly hard renal mass recognized on contact. Two 
additional important aids in recognizing the presence of the kidney 
at the tip of the needle are (1) cephalad-caudad motion of the needle 
hub with respiration, and (2) vibration of the needle with the pulsa- 
tion of the kidney. As the child breathes deeply, the hub of the needle 
should move through an arc, swinging cephalad on inspiration and 
caudad on expiration. This motion may cease if the needle is with- 
drawn a few millimeters, indicating that the needle tip is in contact 
with renal substance. The pulsation of the entire kidney is sometimes 
seen as an arterial vibration transmitted to the exploring needle. These 
factors and the hard resistance of kidney tissue allow recognition of the 
encounter of the needle with the kidney. 

Biopsy is performed with the Vim-Silverman needle (Franklin modi- 
fication) along the same tract and at the same depth, as determined 
by the exploratory needle. Occasional unsuccessful biopsy attempts are 
perhaps explained by rotation or depression of the renal mass by the 
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needle blades instead of penetration of the renal substance. Another 
approach at a slightly different angle may be successful in this circum- 
stance. We feel that no more than three attempts at biopsy should 
be undertaken at a single procedure, and that the risk probably in- 
creases under the stress of failure. 

Although some children will not hold their breath during the actual 
biopsy procedure, the long expiratory phase of crying in the uncoopera- 
tive child may give sufficient time for the experienced operator to 
complete the biopsy without unusual motion of the kidney. 

We emphasize the importance of what has been called “vocal 





Fig. 24. Photograph of landmarks in renal biopsy, as sketched on the back of a 
12-year-old boy. The relationship of the kidney to the vertebral spines, the psoas 
muscle edge and the twelfth rib are shown. The preferred puncture site is indicated 
by a dot. 


anesthesia” in this technique. The physician who knows the child well, 
has discussed the procedure with the child, and who is gentle will 
hear few complaints in the postoperative period. 


COMPLICATIONS 


Over 250 kidney biopsies in children have been performed at the Uni- 
versity of Minnesota Hospitals in the past 5 years. Included are several 
children with uremia in whom the pathologic basis for acute anuria 
was sought by the biopsy technique and in whom a bleeding tendency 
was apparent. Other patients with severe hypertension, patients with 
contracted and fibrosed kidneys, and very ill children are also included. 














ROBERT L. VERNIER 357 


There have been no deaths which could be attributed to the biopsy 
procedure, and the morbidity rate has been very low, even though this 
investigation included some “poor risk” patients. Three children have 
had postoperative flank pain of moderate to severe degree, and two 
have had either a slight fall in hemoglobin or a transient fall in blood 
pressure. Both children were given small blood transfusions and re- 
covered completely. Another child with severely fibrosed kidneys had 
multiple signs of a right perirenal hematoma and was given a blood 
transfusion. This child’s renal failure progressed to death 18 months 
after the biopsy, and autopsy revealed that the right (biopsied) kidney 
was considerably smaller than the other kidney. It was felt that some 
of the difference in size of the two kidneys may have been due to the 
biopsy, although retrograde pyelography prior to the biopsy indicated a 
pre-existing, somewhat smaller right renal pelvis. 

Another child had severe, prolonged, gross hematuria, but recovered 
completely after transfusions of whole fresh blood. Approximately 10 
per cent of the children have had brief periods of gross hematuria. 

We have not observed a definite increase in the severity or rate of 
progression of renal disease in any of the patients, except for the pos- 
sible influence of the perirenal hematoma on the course of the child 
discussed above. In several patients with lupus erythematosus with kid- 
ney involvement, receiving large doses of adrenocorticosteroids, we 
have observed progressive improvement in renal function and mor- 
phology over the course of four or five kidney biopsies. Further, we were 
not able to detect significant differences in the renal function of eight 
children who were studied by inulin and para-aminohippurate renal 
clearances before and after kidney biopsy. 

Thus there has been no mortality and a very low morbidity (2 per 
cent) in this large series of kidney biopsies in children. 


THE NEPHROTIC SYNDROME 


Renal biopsy has been of practical value in the study of patients with 
the nephrotic syndrome as a guide to therapy and as an indicator of 
prognosis. It is recognized that the presence or absence of hematuria, 
hypertension, retention of nitrogen, and measurement of renal function 
are unreliable indicators of the ultimate outcome or the probable 
effectiveness of steroid therapy in the disease.> Renal biopsy in patients 
with clinical signs of “mixed” nephrosis-nephritis has been helpful in 
the selection of patients for intensive steroid therapy. Patients shown 
by kidney biopsy to have severe pathologic renal glomerular change 
in addition to ominous clinical findings must be given steroids with 
the utmost caution, since severe complications, such as hypertension ot 
rapidly worsening renal insufficiency, have been common in our expeti- 
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ence with this group of patients. An alternative therapeutic regimen, 
such as that reported by West,?8 is worthy of consideration in this type 
of patient. 


Case 1. A 5-year-old boy had periorbital edema in March of 1956 in the absence 
of other signs or symptoms of recent illness. Studies at that time supported the diag- 
nosis of nephrosis, and he received a delta-corticosteroid for 7 days, without improve- 
ment. On admission to the University of Minnesota Hospitals one month after the 
onset of his disease, he was found to have generalized edema, ascites and normal blood 
pressure. Laboratory values obtained at that time included blood urea nitrogen 15 mg. 
per 100 ml., erythrocyte sedimentation rate 98 mm. per hour, serum albumin 1.9 gm. 
per 100 ml., serum globulin 3.0 gm. and serum cholesterol 370 mg. Urinalyses con- 
tained 2+ albumin, and an Addis count of a 12-hour specimen contained 87 million 
red blood cells, 6 million white blood cells, 347 thousand casts, and 1.6 gm. of protein. 

A renal biopsy was obtained, and microscopic study of the tissue showed minimal 
proliferative glomerulitis. The tubules contained numerous protein casts. There was 
no evidence of thickening of the glomerular basement membranes, and no fibrosis of 
the glomeruli was evident (Fig. 25). 





Fig. 25. Photomicrograph of a section of a kidney biopsy specimen from a 5-year- 
old boy with nephrosis. This biopsy was done soon after the onset of his disease in 
1956. The glomeruli show minimal proliferative glomerulonephritis. Hematoxylin- 
eosin stain; x 300. 


In view of the clinical and morphologic findings in this patient which seemed to 
indicate hope for a good response to treatment, cortisone was administered in a dose 
of 200 mg. daily for 30 days. Although a diuresis of 10 pounds occurred, proteinuria 
continued, and there was little change in the biochemical abnormalities. 

Over the subsequent 2 years multiple attempts to achieve complete remission by 
long courses of treatment with corticosteroids and combinations of corticosteroids and 
nitrogen mustard (mechlorethamine hydrochloride) were unsuccessful. 

A second kidney biopsy in April, 1958, showed severe fibrosis of most of the glo- 
meruli in the specimen, and the pathologic diagnosis was chronic glomerulonephritis 
(Fig. 26). 

This boy subsequently suffered renal insufficiency and expired in March, 1959. 


The morphologic changes observed in the serial renal biopsies from 
this patient indicated that irreversible morphologic changes had devel- 











ROBERT L. VERNIER 359 


Ne ‘3 
Revie 


if 





Fig. 26. Photomicrograph of a section of a kidney biopsy specimen from the same 
case as in Figure 25. This biopsy was done in 1958. Note the extensive fibrotic changes 
which involved all the glomeruli in the specimen. Hematoxylin-eosin stain; x 270. 


oped in the course of the disease. It seems likely that intensive steroid 
therapy at the time of the second biopsy might have hastened the 
patient’s demise. 

Preliminary supportive evidence that steroid therapy may alter the 
rate of advance of the pathologic changes in nephrosis has been ob- 
tained by serial renal biopsy of a number of children with nephrosis 
of long duration. The following case report is typical of that group of 
patients. 


Case 2. A 24-year-old boy had periorbital edema after a bout of bronchitis in June, 
1956. When first examined in late July, 1956, he was edematous, but no other ab- 





Fig. 27. Photomicrograph of a section of a kidney biopsy specimen obtained from 
a 24-year-old boy with nephrosis of recent onset. No definite abnormalities of mor- 
phology were observed. Hematoxylin-eosin stain; x 270. 
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normalities were detected. Urinalysis showed 3+- albumin and many granular casts. 
An Addis count of a 12-hour urine specimen showed 470 thousand red blood cells 
and 15 thousand casts. The blood urea nitrogen was 11 mg. per 100 ml., the serum 
cholesterol 513 mg., the serum albumin 1.5 gm. and the serum globulin 2.8 gm. The 
erythrocyte sedimentation rate was 87 mm. in one hour. 

Microscopic sections of a renal biopsy, which was obtained on August 29, 1956, 
showed normal glomeruli and was abnormal only because of the presence of many 
casts within the tubules (Fig. 27). 

The patient was treated with cortisone, receiving 200 mg. per day for 30 days. A 
diuresis occurred, his urine was free of protein on the eleventh day of treatment, and 
the erythrocyte sedimentation rate returned to normal by the twenty-second day of 
therapy. 

Although 2 distinct relapses of the disease occurred over the subsequent 2 years 
while he received cortisone on 3 days of each week, each episode responded promptly 
when treated with large daily doses of cortisone. As a result, the patient was in clin- 
ical and laboratory remission for most of the 3-year period which elapsed prior to a 
recurrence of the disease in October, 1959. 





Fig. 28. Another renal biopsy was done 3 years later during an exacerbation of the 


disease. The morphology of the kidney was not significantly different from that ob- 
served in the earlier specimen. Hematoxylin-eosin stain; x 270. 


Microscopic sections of the renal biopsy obtained at that time showed normal 
glomeruli and no significant changes in morphology when compared with the tissue 
studied 3 years earlier (Fig. 28). This patient again responded to treatment and is 
once more in clinical remission. 


In contrast to the progressive changes observed in the biopsy speci- 
mens from Case 1, the kidney specimens from Case 2 showed no 
changes during an interval of 3 years of treatment of nephrosis with 
cortisone. The limited data available in our experience are in agree- 
ment with the reports of Galan’® and suggest that successful steroid 
therapy is associated with reversal of the proliferative glomerular le- 
sions frequently seen in nephrosis, and that morphologic glomerular 
damage may occur less rapidly in patients treated with an intensive 
prolonged steroid regimen. There is increasing clinical evidence to 
support this view.'* 21 
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ASYMPTOMATIC PROTEINURIA—CHRONIC GLOMERULONEPHRITIS 


Occasionally proteinuria is disclosed by a routine preschool examina- 
tion of a child who is otherwise well. When other attempts to explain 
the significance of this abnormality are not completely satisfactory, 
renal biopsy may be of distinct value in establishing a morphologic 
diagnosis. 


Case 3. A 6-year-old girl was found to have moderate albuminuria during a pre- 
school examination. Careful history at that time failed to reveal evidence of preceding 
renal disease. During a brief admission to a hospital it was found that she also had 
microscopic hematuria when Addis counts were performed, but urine cultures were 
sterile and no evidence of renal insufficiency could be obtained. 

She continued to feel well, attended school regularly, and grew at a normal rate. 
Two years later she had slight periorbital edema, dark urine, and headache during a 





Fig. 29. Photomicrograph of a section of a renal biopsy specimen from a 6-year-old 
girl with proteinuria, showing advanced glomerulofibrosis, interstitial inflammation 
and fibrosis, and tubular atrophy. Diagnosis: chronic glomerulonephritis. Hemotoxylin- 
eosin stain; x 270. 


febrile illness. The physical examination at the time of admission to the University 
of Minnesota Hospitals revealed an alert, well developed child who did not appear 
to be ill. Her blood pressure varied with activity and occasionally was elevated to 
150/100 mm. of mercury. Routine urine specimens were normal, except for 1+ to 
2+ protein. An Addis count of a 12-hour specimen revealed 1.7 million white blood 
cells, 7.4 million red blood cells, 288 thousand casts, and the specimen contained 
2.2 gm. of protein. The erythrocyte sedimentation rate was 73 mm. per hour. Other 
laboratory results included a blood urea nitrogen of 47 mg. per 100 ml., serum cho- 
lesterol 339 mg. and serum albumin of 2.2 gm. The serum antistreptolysin-O titer 
was 12 Todd units per cubic centimeter. Renal function tests were grossly abnormal: 
urea Clearance was § cc. per minute, and phenolsulfonphthalein (PSP) excretion was 
only 9 per cent in 2 hours. However, an intravenous pyelogram was normal, as were 
urine cultures and blood cultures. Examination of the bone marrow showed a moderate 
eosinophilia (7.4 per cent), but the cells typical of lupus erythematosus were not 
found. 

Study of microscopic sections of a renal biopsy obtained from the child revealed 
severe glomerulonephritis with fibrosis of many of the 20 glomeruli in the specimen. 
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Additional features included lobulation of the remaining glomerular tufts and tubular 
atrophy (Fig. 29). The pathologic diagnosis was chronic glomerulonephritis. 

Since no specific therapy for this disease was available, the patient was discharged 
on a program of dietary management designed to improve the ability of her limited 
renal reserve to maintain homeostasis.2 However, renal insufficiency progressed rap- 
idly, and she expired 6 months after the biopsy. The autopsy findings were charac- 
teristic of chronic glomerulonephritis. 


It is well known that the course of glomerulonephritis may continue 
for many years. When studied during the latent period, the patient 
may manifest few symptoms, and the diagnosis may be difficult to 
establish. Pollak et al.1° have described a series of renal biopsies from 
19 adults with asymptomatic proteinuria. Sixteen of the patients were 
found to have a form of proliferative or membranous glomerulo- 
nephritis, while one patient was shown to have pyelonephritis, one 
arteriosclerotic renal disease, and one was found to be normal. Thus 
the presence of important renal disease in the patient with asympto- 
matic proteinuria may be proved by renal biopsy. 

Another group of patients in whom renal biopsy should ultimately be 
of value are those with orthostatic proteinuria. This syndrome is be- 
lieved to have a good prognosis, although the morphology of the renal 
lesion is poorly understood. The application of renal biopsy to the 
study of the syndrome of orthostatic proteinuria may be of value in 
classifying the group of patients with asymptomatic proteinuria on 
a morphologic basis. 

Further application of the renal biopsy to the large group of patients 
with chronic glomerulonephritis may also be helpful in improving our 
understanding of the etiology of that syndrome. It is apparent that 
there are several types of glomerulonephritis, in both acute and chronic 
forms, and it is likely that multiple etiologic agents are involved. Cer- 
tainly, it behooves all clinicians to search for causes of glomerulonephritis 
other than the streptococcus, which has received most attention in the 
past. This organism was exonerated as a cause of glomerulonephritis in a 
recent epidemic,* and evidence for streptococcal infection is often lack- 
ing in cases proved by renal biopsy to have the “typical” morphologic 
lesion (viz., Case 3). 

Although the therapy for chronic glomerulonephritis is inadequate, 
recognition of the syndrome is important in order that effective therapy 
which may become available in the future may be offered proved cases 
with confidence. 


DISSEMINATED LUPUS ERYTHEMATOSUS 


The renal involvement which occurs in about 80 per cent of children 
with disseminated lupus erythematosus is frequently the ultimate cause 
of death in these patients. Although the clinical and laboratory signs 
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of renal involvement in lupus erythematosus are variable and nondiag- 
nostic, the presence of certain characteristic morphologic lesions in 
renal tissue may be of great diagnostic aid. Further, there is evidence 
that patients with lupus erythematosus who exhibit renal manifesta- 
tions have an exceedingly poor prognosis. 

We have studied 12 patients with clinical findings compatible with 
disseminated lupus erythematosus, in whom renal biopsy has been per- 
formed as a diagnostic procedure. ‘I'ypical L.E. cells were not present 
in either clot tests or bone marrow studies from two of these patients, 





Fig. 30. A typical glomerulus in a renal biopsy specimen from a 13-year-old girl 
with lupus erythematosus. Note the great thickening of capillary membranes (arrows). 
The material contributing to the thickening of the capillary wall was found to stain 
intensely with the periodic acid-Schiff (PAS) technique. Hematoxylin-eosin stain; 
x 480. 


yet the combination of the clinical and laboratory studies, together 
with the morphology of the tissue obtained on kidney biopsy, supported 
the diagnosis of lupus erythematosus. 


Case 4. A 13-year-old girl had recurrent attacks of uncontrollable choreiform move- 
ments of the extremities, associated with emotional lability, during the spring of 1956 
and 1957. In May, 1958, she lost consciousness suddenly, had a seizure, and was left 
with a transient disturbance of gait. In March, 1959, she again lost consciousness and 
suffered a right hemiplegia. Studies at that time suggested the diagnosis of thrombosis 
of a cerebral vessel. Additional abnormalities of interest were an elevated prothrombin 
time, a 4+ cephalin flocculation, cardiomegaly, and elevation of the erythrocyte 
sedimentation rate. 

On admission to the University of Minnesota Hospitals it was noted that her be- 
havior was bizarre, and the previously described hemiplegia was evident. Platelet counts 
were consistently depressed to the range of 40,000 per cubic milliliter. Urinalysis re- 
vealed 1+ albuminuria, and on Addis count of a 12-hour specimen, 7 million red 
blood cells were found in the sediment. Multiple attempts to demonstrate L.E. cells 
in blood clots, bone marrow and inflammatory cycle preparations (Rebuck technique) 
were unsuccessful. However, a lupus globulin factor was present in the patient’s serum 
in significant titers. In view of the presence of characteristic involvement of the mul- 
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tiple organ systems, a tentative diagnosis of lupus erythematosus was made. A kidney 
biopsy was performed as an aid in confirming the diagnosis. 

Microscopic sections of the kidney showed diffuse glomerular disease, consisting of 
basement membrane thickening (some wire loops were present) and areas of endo- 
thelial proliferation about foci of fibrinoid deposition (Fig. 30). The pathologic find- 
ings were thought to be compatible with the diagnosis of lupus erythematosus, and 
intensive treatment with adrenocortical hormones was begun. There was rapid im- 
provement in all the patient’s symptoms and signs. Her urinalyses have remained nor- 
mal for over 6 months, and she continues to do well on daily steroid therapy. 


Adrenal corticosteroids have assumed an important place in the treat- 
ment of disseminated lupus erythematosus because of the recent studies 
which indicate that the renal disease of this syndrome may be, at least 
in part, reversible.2°. 24 Serial renal biopsies, together with clinical 
studies of urine from the patients in our series, show that all signs of 
renal disease may disappear and the morphology of the kidney in most 
patients return to normal after prolonged, intensive corticosteroid 
therapy.?* Although there are many undesirable complications associ- 
ated with the treatment, and the adrenal steroids should not be con- 
sidered to be the final answer in the treatment of the disease, our 
observations leave little doubt that the outcome of lupus erythematosus 
in young people is improved by the therapy. 

The addition of renal biopsy to the diagnostic armamentarium of 
the physician dealing with lupus erythematosus may thus permit earlier, 
more accurate diagnosis, and perhaps result in an improved outcome 
for the affected children. 


ANAPHYLACTOID PURPURA 


About 50 to 60 per cent of the 45 children we have seen with ana- 
phylactoid (Henoch-Schénlein) purpura have renal manifestations. 
The outcome of the nephritis which these patients develop is uncertain, 
but there is evidence that some of them have chronic renal disease 
which ends in renal failure. Although the value of adrenocortical 
steroids in the treatment of the renal disease patient with severe 
anaphylactoid purpura is difficult to assess, the joint symptomatology 
and the gastrointestinal involvement have frequently been reported to 
respond to treatment. Our studies of renal biopsies from 12 patients 
with the renal disease of anaphylactoid purpura have revealed a focal 
glomerulonephritis to be the characteristic lesion. The pathologic lesions 
found in skin and kidney biopsies from these patients consist of 
fibrinoid thrombi in capillaries and an associated endothelial and peri- 
vascular reaction.?*7 On the basis of the similarities of the vascular 
lesions to the characteristic morphologic abnormalities of hypersensi- 
tivity vascular reactions, it would seem worth while to attempt treat- 
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ment of selected cases of anaphylactoid purpura having severe renal 
manifestations with adrenal steroids. 


Case 5. A 6-year-old girl had swelling, tenderness and erythema of the joints of 
the hands, ankles and knees in September, 1954. Shortly thereafter a maculopapular 
tash which became hemorrhagic appeared over the skin of the legs and buttocks. One 
month later she had gross hematuria, gastrointestinal pain, melena and hematemesis. 
Every urinalysis studied over the subsequent 17 months showed albuminuria and 
microscopic hematuria. The skin, joint and abdominal symptomatology recurred inter- 
mittently. 

At the time of a renal biopsy in February, 1956, urinalysis revealed 3+- albuminuria 
and gross hematuria. The blood urea nitrogen was elevated to 39 mg. per 100 ml. 
Discrete renal function studies revealed a reduction in renal function to about 60 per 
cent of normal. Focal masses of fibrinoid material, surrounded by clumps of endo- 
thelial cells, were noted in about 80 per cent of the 23 glomeruli in the biopsy spe- 
cimen. Occasional foci of fibrosis were also observed (Fig. 31). 





Fig. 31. Focal deposits of fibrinoid material in areas of endothelial cell proliferation 
were the characteristic changes noted in a renal biopsy specimen from a 6-year-old 
girl with anaphylactoid purpura nephritis. These focal masses stain intensely with the 
periodic acid-Schiff technique, as shown here; x 480. 


ae 


In view of the severity of the clinical symptoms, the reduced renal function and the 
renal pathology, treatment with cortisone in a dose of 250 mg. per day was begun 
and continued for 30 days. All signs of renal disease subsequently disappeared, and 
no recurrences of the skin, joint or gastrointestinal involvement were observed. A re- 
peat renal biopsy was performed one year later, and study of sections of this tissue 
revealed an occasional focal glomerular scar, but was otherwise normal. The patient 
has been observed for an additional 2 years and has remained well. 


Since anaphylactoid purpura is characteristically a disease of exacerba- 
tions and remissions, and since many patients with apparently severe 
renal involvement ultimately recover, no claim to the effectiveness of 
cortisone in altering the outcome of this case seems justified. However, 
the physician faced with a severe case of anaphylactoid purpura, show- 
ing renal manifestations including renal insufficiency, must consider 
the merits of the case and make the decision as to treatment based 
on the rather empirical evidence available. Further studies of this 
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interesting disease may improve our understanding of its pathogenesis 
and offer hope for more effective and specific therapy. 


PYELONEPHRITIS 


Although the diagnosis of pyelonephritis is not usually difficult, since 
the syndrome of fever, abdominal pain, pyuria and bacilluria is readily 
recognized, these symptoms are not always present. Pyelonephritis may 
occur as a chronic inflammatory disease, involving long periods which 
are relatively free of symptomatology, yet terminating with the insidi- 
ous onset of renal insufficiency.’® Smithwick et al.*? found morphologic 





Fig. 32. Photomicrograph of a typical section of a renal biopsy specimen obtained 
from a 34-year-old girl with pyelonephritis. Urine cultures, obtained at the time of 
the biopsy, were sterile. The glomerulus illustrated is partially hyalinized. A micro- 
abscess is visible to the left in the interstitial tissue. Note the similarities to Figure 29 
(see text). Hematoxylin-eosin stain; x 270. 


evidence of pyelonephritis in 13 per cent of over 1200 kidney biopsy 
specimens obtained from adults with hypertension during sympathec- 
tomy surgery. Kark et al.* have also indicated the value of renal biopsy 
and culture of renal biopsy tissue as an aid in the diagnosis of pye- 
lonephritis and identification of the causative organism. Although this 
syndrome may be rare in children, the following case illustrates the 
potential value of the renal biopsy in selected circumstances. 


Case 6. A 31-year-old girl became ill with pneumonia in March, 1957. Her re- 
sponse to treatment with antibiotics was satisfactory, and x-ray films of the chest 
showed progressive clearing of the pulmonary infiltrate prior to her discharge from 
a hospital. However, it was noted that her appetite failed to return to normal, and 
she seemed less active than normal during the subsequent 2 months. In May, 1957, 
she had fever and was seen by a physician who observed that she was small for her 
age (weight 25% pounds), but found no other abnormalities. Urinalyses at that time 
revealed 2+ albuminuria, occasional white blood cells, and 1+ glycosuria. During 
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a period of study in a hospital, a urine culture grew many Gram-positive cocci which 
were found to be sensitive to a wide variety of antibiotics. Additional laboratory values 
reported at that time included a blood urea nitrogen of 80 mg. per 100 ml., blood 
glucose of 96 mg. and an erythrocyte sedimentation rate of 40 mm. per hour. Bilateral 
retrograde pyelograms were interpreted as normal. Additional urinalyses consistently 
showed moderate proteinuria and pyuria, and a low specific gravity. She was treated 
with antibiotics for 14 days and improved, although there was little change in the 
serial urinalyses. 

A kidney biopsy, which was obtained in August, 1957, showed an intense inter- 
stitial inflammatory infiltrate, with micro-abscesses, and severe glomerular fibrosis and 
tubular atrophy compatible with the diagnosis of chronic pyelonephritis (Fig. 32). 

Despite continued antibiotic and supportive therapy, the patient died in September, 
1957. An autopsy revealed the typical pathologic changes of severe bilateral pyelo- 
nephritis. 


Renal biopsy was obtained in this child at a stage in the course of 
the disease which proved to be irreversible. However, it seems likely 
that additional attention to the possible existence of low-grade pyel- 
onephritis in children will result in earlier recognition and earlier 
therapy of this potentially reversible disease. 


DIABETES MELLITUS 


It has been recognized for some time that vasculitis may occur in pa- 
tients with subclinical diabetes,!' and recent studies of kidney biopsies 
from adults with diabetes suggest that the renal disease of diabetes 
may have its onset very early in the course of the primary discase.® 
Further, although this point is not entirely clear, there does not appear 
to be a precise correlation between the presence or absence of renal 
disease and the degree of control of the abnormalities of carbohydrate 
metabolism.” 

Since renal manifestations are more common in association with dia- 
betes of long duration, this complication is not frequently seen in 
childhood. However, our recent experience with study of renal biopsies 
in five diabetic children suggests that renal vascular disease may be 
present in diabetes in the absence of clinical renal disease, and that the 
renal disease of diabetes in childhood may have its onset simultaneously 
with the onset of clinical diabetes. These tentative observations were 
drawn largely from studies of renal biopsies by electron microscopy and 
will be reported elsewhere; however, the fo.!owing case study will illus- 
trate the potential value of renal biopsy in the study of one form of 
renal disease which develops in children with diabetes mellitus. 


Case 7. A 14-year-old boy who had been diabetic for 4 years was first seen at the 
University of Iowa Hospitals in 1957 because of progressive edema.* The physical 
examination revealed periorbital and ankle edema and ascites. His blood pressure was 


* The author is indebted to Dr. Charles Read and Dr. Wallace McCrory, Depart- 
ment of Pediatrics, University of lowa, who made it possible to study this patient. 
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normal, and his fundi were normal. Laboratory studies showed albuminuria, hypoal- 
buminemia, hypercholesterolemia, glycosuria and hyperglycemia. The blood urea 
nitrogen was normal. Microscopic sections of a percutaneous kidney biopsy showed 
hypercellularity of the glomerular tufts and thickening of the basement membranes. 
There were no focal hyaline masses, and the tubular epithelium did not appear to con- 
tain an increased amount of fat. 

The patient was incapacitated during most of the following year by severe anasarca, 
an episode of peritonitis and 2 attacks of cellulitis. He was treated with adrenal corti- 
costeroids on 2 occasions and with nitrogen mustard on one occasion, with little im- 
provement. Frequent paracenteses were needed, and various diuretics used, in an 
attempt to control his edema. 

In October, 1958, treatment was begun using large daily doses of a delta-corticos- 
teroid. There was gradual improvement: decrease in edema and albuminuria, and re- 
turn of serum protein levels toward normal. The dose of delta-corticosteroid was gradu- 
ally reduced to 20 mg. daily in October, 1959. 





Fig. 33. Moderate basement membrane thickening, and nodular and linear deposits 
of PAS-positive material characterized the morphologic changes observed in the glo- 
meruli in a renal biopsy specimen from a 16-year-old boy with diabetes of 6 years’ 
duration. Periodic acid-Schiff stain; x 300. 


Examination at that time revealed slight pitting edema of the lower extremities, 
normal blood pressure, normal fundi, and the “Cushingoid” changes expected after 
prolonged, intensive adrenal steroid therapy. Although 2.0 gm. of protein were present 
in a 24-hour urine specimen, the serum protein, serum cholesterol and blood urea 
nitrogen levels were normal. The erythrocyte sedimentation rate was slightly elevated 
(30 mm. per hour). 

Microscopic section of a renal biopsy showed diffuse basement membrane thicken- 
ing and moderate numbers of linear and nodular accumulations of hyaline (periodic 
acid-Schiff-positive ) material throughout the glomeruli. No arteriolar lesions were ob- 
served (Fig. 33). 


The morphologic abnormalities observed in the second kidney biopsy 
specimen from the above-mentioned patient are believed to represent 
an early stage in the development of the pathologic changes described 
by Kimmelstiel and Wilson, which are considered by some to be diag- 
nostic of the renal disease of diabetes mellitus. Renal studies of other 
patients with diabetes® also suggest that the typical lesions, which are 
rarely seen with diabetes of short duration, develop progressively 
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through the course of the disease, as illustrated in this case. A better 
understanding of the pathogenesis of the renal disease of diabetes will 
undoubtedly result from studies of renal tissue obtained by kidney 
biopsy earlier in the course of the disease than has been possible in the 
past. It is hoped that such investigations may eventually lead to a bet- 
ter treatment and perhaps to methods of prevention of this life-threat- 
ening vascular disease of diabetes mellitus. 


OTHER CONDITIONS 


Renal biopsy has also been of great value in aiding in the understand- 
ing of a variety of miscellaneous clinical renal syndromes, including 
acute anuria, intoxications, certain tubular diseases, hypertensive vas- 
cular disease, hypercalcemia and rare diseases such as scleroderma and 
polyarteritis nodosa. 


RESEARCH VALUE 


Little mention has been made here of the obvious research value of the 
kidney biopsy technique. Aside from the routine application of culture 
and bacteriology, the techniques of light microscopy and conventional 
staining methods, tissue obtained by renal biopsy has been found to be 
ideal for study by histochemistry, immunochemistry and electron micros- 
copy. Extensive use of the last procedure has furnished great impetus 
in many areas of investigation of renal disease. The interested reader 
is referred to a few of the growing number of publications regarding 
electron microscopy in the study of the normal human kidney,'* 
glomerulonephritis, nephrosis, lupus erythematosus and diabetes,* * ® 
and various forms of experimental renal disease in animals.”: !* 76 


SUMMARY AND CONCLUSIONS 


The indications, complications and technique of percutaneous renal 
biopsy in children have been reviewed in the light of our experience 
with the procedure as performed in over 250 children. 

The value of renal biopsy as an aid in diagnosis, and as a guide in the 
management of children with a variety of renal disease, has been re- 
viewed, together with discussions of illustrative case reports from our 
experience. 

We conclude that percutaneous renal biopsy is a relatively safe pro- 
cedure when carefully performed, and that application of the method to 
the study of selected cases of renal disease in childhood will provide 
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valuable information to the physician which cannot be obtained by 
any other method of investigation. 
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INFANTILE SPASMS 


NIELS L. LOW, M.D. 


Children are subject to a variety of seizures which may be classified 
according to the major clinical manifestations, the electroencephalo- 
graphic (EEG) pattern, or according to etiology. Among these types 
of seizures there is one kind which is sufficiently distinct to warrant a 
detailed discussion. The earliest description of these seizures, of which 
I am aware, appeared as a letter to the editor*®® of The Lancet on 
February 13, 1841. The writer of that letter describes his own child 
having been normal to the age of four months. At that age he started 
“bobbings of the head” and often “appeared frightened and screamed 
out.” He also mentioned that he consulted Locock about these attacks 
and that Locock called them “salaam convulsions.” Children with these 
seizures were mentioned occasionally in the literature during the first 
100 years after this initial description, and have been recognized with 
increased frequency during the last 15 years. 

A certain confusion has arisen because many different names have 
been used by these authors, and also because a few authors have not 
recognized that they were dealing with a seizure type that was clearly 
different from others from the point of course and prognosis. Among 
the English names that have been used to describe these seizures are 
“lightning majors,” “infantile myoclonic” seizures,” “massive spasms,” 
and “infantile spasms.”'? The German language literature usually 
speaks of Blitz-, Nick- und Salaamkrimpfe, which is a long, but good 
descriptive term which mentions the most common major manifesta- 
tions; they are lightning-fast and show nodding of the head or flexion 
of the entire body. These rapid movements may be accompanied by 
extension of the extremities, especially the arms, superficially similar 
to a Moro reflex or “startle” reaction. The sudden momentary cry and 
frightened appearance which were mentioned by West*® in 1841 are 
commonly, but not necessarily, present. 

Most children with infantile spasms have many seizures each day, 
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usually occurring in series of a few to 20 or 30 in one series. Although 
they may be noticed at any time, they are particularly apt to be seen 
while the child falls asleep and immediately on awakening or when 
startled by a sudden noise or change of position. Some children have 
been awakened by the occurrence of a seizure in sleep. 

One- or two-year old children who have learned to sit or walk may 
hit their chin so forcefully on the table at mealtime or fall with such 
an impact to the floor that they suffer repeated cuts and abrasions 
unless adequately protected; we are not dealing with simple loss of 
tone or with akinesis alone—there is a positive force that throws the 
child to the ground or against objects in his way. We have used foot- 
ball helmets with heavy chin padding in a few of these older children. 

The onset of infantile spasms can be dated to between 3 and 12 
months of age in a vast majority of patients. They have been observed 
as early as the first day of life, however, and recently I received a report 
(O. F. Deen, Jr., M.D.) of a child who started infantile spasms with the 
typical electroencephalographic pattern after his fourth birthday. Chil- 
dren may have convulsions in addition to the infantile spasms. 

As these children become older, the infantile spasms tend to de- 
crease in frequency and severity. They are rarely seen after four years 
of age; at that time there may be no more seizures, or the patient 
may have occasional convulsions instead. But this disappearance of 
infantile spasms does not indicate a real cure or cessation of the prob- 
lem. After the child has had infantile spasms for a few weeks or a few 
months it is almost always evident that he is retarded in all aspects of 
development. Motor function is often least impaired, while speech is 
more delayed than are the other milestones of child development. 
This retardation, which is usually moderate to severe, is an integral part 
of the syndrome of infantile spasms and constitutes the real handicap. 
Sometimes there is a cessation or considerable slowing of development 
coincidental with the onset of seizures, but more often there is an 
actual loss of some of the previously achieved accomplishments. Be- 
cause the prognosis for mentality is poor, it is essential that this clinical 
syndrome be brought to the attention of the pediatrician and the gen- 
eral practitioner who cares for infants. 

Electroencephalography is of great value in the diagnosis of infantile 
spasms in children because there is a high correlation of this seizure 
type with a certain electroencephalographic pattern which Gibbs has 
named hypsarhythmia.'*: '* This picture is characterized by high, sharp 
spikes originating irregularly in all leads, interspersed by many high- 
voltage slow waves without consistent focality. Although hypsarhythmia 
is usually seen during a wake recording, it looks more severe and is 
more continuous during light sleep. In spite of minor variations from 
child to child and from onset to final disappearance, hypsarhythmia 
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usually can be easily recognized by the experienced electroencepha- 
lographer. When the electroencephalogram is recorded early after onset 
of the seizures, the tracings may still be normal, only to develop hyp- 
sarhythmia within a few wecks.2° In a few children we have seen a 
pattern of short bursts of hypsarhythmia alternating with relatively 
long periods of isoelectricity in all leads.2* The course of the electro- 
encephalogram is roughly parallel to the clinical course; the electroen- 
cephalogram improves gradually at the same time at which the seizures 
become milder, but cessation of the seizures usually precedes the com- 
plete disappearance of hypsarhythmia. As these children become older, 
focal spikes often appear on the electroencephalogram; less frequently 
the tracings become normal. Although these seizures may not be recog- 
nized early by the parents, or may actually be regarded as harmless, 
hypsarhythmia indicates the most serious form of epilepsy.'* 


ETIOLOGY 


Infantile spasms, hypsarhythmia and mental retardation constitute a 
clinical syndrome with a rather uniform course, but we do not neces- 
sarily have to assume that we are dealing with a single disease entity. 
In order to be realistic in the evaluation of these children, and espe- 
cially also in our interpretation to the patients’ parents, we may be 
monistic and recognize this syndrome as a whole, but recent research 
tends to show that the syndrome is a nonspecific reaction to a variety 
of insults in a certain young age group. 

Kellaway’® has reported the “presumed” etiology in 250 cases of 
hypsarhythmia. In 42 per cent of the cases the cause was “unknown.” 
But the presumed etiology in the other instances has to be taken with 
a healthy degree of caution because it is often based on clinical im- 
pression, rather than on pathologic or chemical proof. Postnatal infec- 
tion can be documented well enough in a few instances, but an 
etiology of anoxia or birth trauma is more questionable. Baird and 
Borofsky? mentioned various causes, including the possibility of damage 
due to pertussis immunization, but, again, there is no convincing 
evidence in most cases. This syndrome has been reported in children 
with phenylketonuria;** in fact, all children with infantile spasms 
should be tested for phenylpyruvic acid in the urine. Here we have a 
well defined disease entity with a high frequency of infantile spasms 
before one year of age. The clinical course of children with infantile 
spasms without phenylketonuria” is identical with the course of those 
who have this disease. McQuarrie** has seen children with seizures 
and hypsarhythmia who had hypoglycemosis. The staff of St. Christo- 
_ pher’s Hospital for Children in Philadelphia* diagnosed a disturbance 


* Personal communication from Dr. H. W. Baird. 
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of glycine metabolism in a child who had infantile spasms and 
hypsarhythmia. * 

Cochrane’ has investigated this syndrome and has found five children 
in this group who had a definite increase of urinary excretion of 
xanthurenic acid when given a tryptophan loading test. It is likely that 
this aberrant metabolism is related to the seizures because of electro- 
encephalographic improvement in one and mental improvement in 
three or four of his cases when treated with pyridoxine. Low and col- 
laborators®* described a child whose hypsarhythmic electroencephalo- 
gram improved strikingly on a tryptophan-deficient diet; the mechanism 
in that child may have been similar to the one investigated by 
Cochrane. 

Baird? has seen infantile spasms in children with tuberous sclerosis, 
and Chao® found “massive spasms, myoclonic and akinetic attacks were 
the most common initial seizure types” in her recently reported review 
of that disorder. In the author's experience subdural hematomas and 
developmental anomalies have to be considered in the differential 
diagnosis, too. 

In summary, we can say that there is not one, but numerous causes 
for infantile spasms; they may be seen in children with fixed anatomic 
lesions, but are more common in infants who have or are suspected 
of having chemical or metabolic diseases. 


PATHOLOGY 


Although many articles on this syndrome have been written during 
the past 15 years, no detailed pathologic studies have been reported. 
Three children with infantile spasms whose clinical course was _pre- 
viously reported?* have died and have become the subject of histologic 
investigation. These were the patients with the earliest onset of seiz- 
ures and the most malignant course. Preliminary autopsy findings were 
reported at the Scientific Session of the Brain Research Foundation** 
and a definitive description is in preparation.** The first case showed 
chronic edema with spongy degeneration of the gray matter, primarily 
in the frontal cortex with mild involvement of the white matter. There 
was striking absence of glial and phagocytic response. In the second 
case the spongy degeneration involved mostly the white matter and 
there was a moderate glial response. ‘The third brain has chronic edema 
in the gray matter of the cerebral cortex and the basal ganglia and 
the white matter of the brain stem; some gliosis, but not phagocytosis, 
was observed in this case. 


* This is the same child who was reported from Johns Hopkins University at the 
IXth International Congress of Paediatrics in Montreal, 1959. 
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TREATMENT 


The usual anticonvulsant medications, such as barbiturates, the 
hydantoins, primidone, the diones, succinimides and related drugs, 
affect the severity or frequency of infantile spasms only very little, if 
at all, and do not change the poor outlook as to mentality. The 
ketogenic diet has been of help in some children,’® more commonly 
in the hands of some authors than in the hands of others. Slightly 
older children seem to respond to this form of treatment more fre- 
quently. Isolated, beneficial response has also been observed in some 
clinics by completely different medications, such as meprobamate, 
Aureomycin and other even less conventional forms of drug therapy. 

Klein and Livingston" treated a few epileptic children with adreno- 
corticotropic hormone (ACTH) in 1950. At the International Congress 
of Neurological Sciences in 1957, Sorel and Dusaucy-Bouloye presented 
encouraging results from using ACTH in the treatment of infantile 
spasms with hypsarhythmia. These data have since been reported at 
the Second Scientific Conference of the Brain Research Foundation 
and in the Belgian literature.** This form of treatment has now been 
tried in medical centers in many countries. ‘lhe largest number of 
cases has been published from the University of Illinois,*® describing 
much improvement in 36 of 60 and complete seizure control with 
normalization of the electroencephalogram in an additional 5 children. 
At the time of this writing over 100 children with infantile spasms 
have been treated there.* Smaller series with good results in a fair 
percentage of the children have been reported in the United States by 
Low"! with oral cortisone, in Switzerland with ACTH and hydrocorti- 
sone,® in Denmark by Hansted and Thygesen,!® in France by Gastaut 
et al.,!° and in Britain by Bower and Jeavons;* with more questionable 
results by Dobbs et al.* and negative results from Italy. In addition 
to the published series, data from Canada, Denmark, Japan and the 
United States have come to my attention in discussions from the floor 
at the IXth International Congress of Paediatrics and through personal 
correspondence. The largest unpublished experience from this source 
is by Dr. M. Arima (personal communication) at the University of 
Tokyo, who has treated 50 children with ACTH with striking im- 
provement in one third. 

ACTH was always used intramuscularly, usually in daily dosage of 
5 to 40 units. Cortisone is best given on the basis of 3 mg. per pound 
initially, with a gradual reduction to 1 mg. per pound; it has the ad- 
vantage of being administered orally. Whenever ACTH or cortisone 
derivatives are used in infantile spasms, the same precautions must be 
applied that are used with these drugs in other conditions. 


* Personal communication from Dr. F. W. Stamps. 
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When improvement or control is attained, it is achieved in from 
a few days to four weeks. Spontaneous cessation of infantile spasms in 
that short span of time does not occur; whenever seizures are greatly 
diminished or disappear, the electroencephalogram either improves 
strikingly or normalizes completely. The converse is also true; if the 
electroencephalogram becomes normal, the seizures stop. Relapses fol- 
lowing initial prompt improvement have been seen in some children. 
There is no uniform answer as to how long children should be treated 
and when it is safe to discontinue medication when it helps. When 
the children do not respond to therapeutic doses of the drug within 
four weeks, it probably is useless to try it longer. (WARNING: Never 
discontinue steroids suddenly! ) 

Among the 10 children we treated at the University of Utah, there 
were 2 infants with typical infantile spasms and hypsarhythmia whose 
seizures had started only a few weeks before they had come to our 
attention. They were 7 and 10 months old, respectively, when treatment 
with cortisone was started. The younger showed almost complete cessa- 
tion of seizures within four days and complete control after eight weeks; 
he is still seizure-free and of normal physical and mental development 
at two years of age in spite of the fact that he was behind schedule 
initially. The 10-month old girl was still normal on psychological 
testing when treatment was started, and has remained normal after 
cortisone therapy. This prevention of mental retardation, if real, may 
not be statistically impressive, but it seems obvious that significant 
retardation cannot be reversed if the children have already fixed struc- 
tural changes. On the other hand, their development can progress at a 
normal rate if they are treated before such permanent changes have 
occurred. This can be compared with usual good results when infants 
with phenylketonuria are placed on a restricted diet very early in con- 
trast to the frequently disappointing outcome when these children are 
treated late. 

Because other investigators have had good results also regarding in- 
tellectual development in a few earlier treated children, doctors should 
be encouraged to use ACTH or cortisone in individual cases in spite 
of the fact that they do not have conclusive answers in a large number 
of children and do not understand the mechanism of improvement. 
Gastaut!” regards this treatment as a medical emergency. 

ACTH and the steroids are not the panacea for infantile spasms, 
but they have so far helped more children with this syndrome than 
has any other form of treatment. A thorough etiologic investigation 
should precede this form of therapy in every instance. 

It may be interesting to speculate why ACTH or cortisone is helpful 
in some of these children. The duration of seizures when treatment is 
begun seems to be important; most articles on the subject find an 
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inverse relationship between the duration of infantile spasms and 
therapeutic effect. That is true in children with phenylketonuria, who 
respond best to dietary treatment when very young.?” 

The etiology also must be important. When a fixed structural-ana- 
tomic lesion exists, good control can hardly be expected. 

Experimental work has shown that some enzyme systems develop 
faster or are enhanced by ACTH or steroids.'*: *° Armstrong! has 
pointed out in a recent discussion that human beings are “not born 
with a complement of enzymes at certain relative levels that remain 
constant through life.” We may hypothesize that many children who 
respond well to ACTH or steroid treatment have some specific inade- 
quately developed enzyme which matures faster and becomes adequate 
on treatment. If allergy or autosensitization is responsible for the syn- 
drome, the good results of treatment might also be understandable. 


SUMMARY 


Infantile spasms constitute a syndrome consisting of lightning-fast, 
akinetic and/or myoclonic seizures, usually associated with moderate to 
severe mental retardation and characterized by a distinct electroen- 
cephalographic pattern, called hypsarhythmia. The seizures are a non- 
specific reaction of the very young brain to a variety of causes. Although 
the usual anticonvulsant medications hardly ever help, ACTH and the 
corticosteroids look more promising. 
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THE GLUCURONYL TRANSFERASE 
SYSTEM IN THE NEWBORN INFANT 
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The metabolism of glucuronic acid has been of interest to biochemists 
for a long time,®: *>-*7. 11%. 124, 182 but its relationship to the metabolism 
of bilirubin was not realized until 1956, when Billing and Lathe," 
Schmid! and Talafant!** independently discovered that direct-reacting 
bilirubin was a water-soluble glucuronide conjugate of bilirubin (in- 
direct reacting). The significance of the indirect and direct van den 
Bergh reactions thus became clarified. 

In 1957 Carbone and Grodsky*" first demonstrated the biosynthesis 
of bilirubin glucuronide by homogenates of rat liver and kidney. They 
presented evidence that there was a defect in the conjugation of glu- 
curonic acid and bilirubin in the Gunn strain®: *® of rats and also 
suggested the presence of a similar defect in normal human newborns, 
infants suffering from familial nonhemolytic jaundice** and patients 
with Gilbert’s disease. 

The clinical implications of the interesting and extensive studies of 
the role of glucuronyl transferase in human infants are reviewed in 
this article. Although bilirubin metabolism has received the most at- 
tention, it is apparent at this time that other substances may also bear 
important relationship to glucuronyl transferase. 


BIOCHEMISTRY OF GLUCURONYL TRANSFERASE 


Development of Enzyme Activity 


In 1949 Karunairatnam et al.** observed the absence of glucuronide 
conjugation with O-aminophenol by the liver homogenates of newborn 
mice. The conjugation activity reached adult levels at four to five 
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weeks of age. They also showed that the absence, after incubation, of 
glucuronide conjugation with O-aminophenol in the newborn mice was 
not due to hydrolysis by glucuronidase. Brown and Zuelzer** showed 
that liver glucuronyl transferase activity was essentially absent in 
guinea pigs during fetal life, but gradually increased from birth until 
two to three weeks of age, when it reached adult levels. Dutton*® 
found that the glucuronide-conjugating activity of guinea pig liver was 
absent or low at birth, and that in two “fresh” 3- to 4-month human 
fetuses liver glucuronyl transferase activity was found to be negligible. 
Lathe and Walker*!: §* found little or no glucuronyl transferase ac- 
tivity in human premature and newborn livers. 


Mechanism of Enzyme Action 


The metabolic pathway of the glucuronic conjugating system as gen- 
erally accepted now can be illustrated as follows:'® 74: 58 7 


) pyrophosphate uridyl / Uridine diphosphate 


1. *Uridine triphosphate (NDP sunnsfesese glucose (UDPG) 
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Glucuronyl transferase catalyses the transfer of glucuronic acid from 
UDPGA to a variety of substances by way of either phenolic (ether) 
linkage or carboxylic (ester) linkage.**: 1*4 It may also be transferred 
to an amino group.!! 2%: 25 Glucuronic acid may conjugate with other 
substances than bilirubin; among these are steroids," 7 §5. 9. "7 thy- 
roxin,® salicylic acid,!°' morphine,'** sulfonamide,*! vitamin K ana- 
logues,! chloramphenicol,*!: * meprobamate' !* and many other sub- 
stances mentioned in these references. 


Location and Distribution in the Body 


The enzyme glucuronyl transferase was first found to be chiefly located 
in the liver microsomes by Strominger et al.!*! and Dutton et al.** 54 
Rat kidney was found to be one third as active as rat liver.?*. ** Dutton*® 
claimed that with added glucose or glucose-l-phosphate adult guinea 
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pig kidney slices were as active as adult guinea pig liver. Significant 
glucuronide synthesis was also found in the stomach and _intes- 
tine.*® 48. 66 Brain, lung, spleen, muscle and blood had little or no 
activity.** ®* Connective tissue has activity of both glucuronyl trans- 
ferase and UDPG dehydrogenase.'* Arias> demonstrated glucuronide 
conjugation in slices or homogenates of normal rat gastric and duodenal 
mucosa, kidney and subcortical areas of brain. 


Preparation and Assay of the Enzyme 


The method of separating liver microsomes containing glucuronyl 
transferase by differential centrifugation is basically that of Schneider 
and Hogeboom.''* Glucuronyl transferase is not water-soluble*® and 
rapidly deteriorates after death. Lathe and Walker** found that it loses 
about 25 per cent of its activity per hour in packed ice. 

Bioassay of glucuronyl transferase activity has usually been accom- 
plished by using O-aminophenol or bilirubin as an acceptor.** 8* 11° 
Recently 4-methyl-umbelliferone has been used as a glucuronyl re- 
ceptor.*: >. * 18 This assay is so sensitive that it should preferably be 
used for measuring activity in small amounts of liver such as from 
needle biopsies or in other tissues with little enzyme activity. 


URIDINE DIPHOSPHATE GLUCURONIC ACID (UDPGA) 


An earlier important contribution was made to our knowledge of glu- 
curonic acid metabolism when UDPGA was identified as a factor re- 
quired for glucuronide conjugation*®: *°: *1 in vitro in liver homogenates. 
Dutton and Spencer*®: 47 also observed that UDPGA is the obligatory 
glucuronyl donor and cannot be replaced by a wide variety of metabolic 
intermediates and cofactors, including adenosinetriphosphate, riboflavin, 
pyridoxine, folic acid, cytochrome C, et cetera.*® Virtually every in- 
vestigator agrees that free glucuronic acid or glucuronate cannot serve 
directly as a glucuronyl donor.**: 5%. 6. 87, 120, 181 F{owever, Arias et al.® 
recently reported that glucuronic acid can undergo conjugation with a 
soluble fraction of rat liver homogenate. 

UDPGA can be prepared from liver as a stable powder.''*: °° Its 
concentration in human fetal liver is low, and in rat or mouse kidney, 
muscle and brain it is virtually absent.*® After death the concentration 
of UDPGA falls rapidly, so that delay of a few minutes in removing 
the liver will result in a greatly diminished yield.*! 


URIDINE DIPHOSPHATE GLUCOSE DEHYDROGENASE 


Strominger et al.1*!. 1°? first isolated the water-soluble enzyme UDPG 
dehydrogenase. They showed that one molecule of UDPGA was 
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formed when one molecule of UDPG was oxidized with two molecules 
of DPN*. Mills et al.°? demonstrated that formation of UDPGA can 
become independent of DPN concentration by coupling with a DPNH 
oxidizing system. It is of considerable importance that Brown and 
Zuelzer** have provided evidence that there was little UDPG dehydro- 
genase activity in guinea pig liver during fetal life, but that the activity 
increased progressively after birth. 


BETA-GLUCURONIDASE 


Although this enzyme has not been considered to be among the en- 
zyme system of the glucuronyl transferase, some aspects of its bio- 
chemical role deserve to be mentioned in this review.5* 57. 58 

Under conditions in vitro it has been shown that this enzyme can 
transfer the glucuronyl moiety to a receptor such as alcohol.®* ®. 1. 116 
The reaction can be portrayed as follows:5° 


Phenolphthalein glucuronic Propylene glycol glucuronide 





acid beta 
+ | glucuronidase free glucuronic acid 
water ( pH70 | + 
ceed phenolphthalein 
( 


propylene glycol 


The transfer of the glucuronyl moiety by an enzyme other than glu- 
curonyl transferase is of great interest, particularly because beta-glu- 
curonidase is widely distributed among tissues of the human body even 
though the endogenous glucuronyl donor has not yet been identified. 
It is possible that there are at least two glucuronide-conjugating sys- 
tems: namely, glucuronyl transferase system and beta-glucuronidase. If, 
indeed, beta-glucuronidase plays some role in glucuronide conjugation 
in vivo, it is of significance that the activity of beta-glucuronidase in 
newborn rat liver is also low.®*: !°8 


BILIRUBIN CONJUGATION 


The direct and indirect van den Bergh reactions for bilirubin have 
been familiar to clinicians for years. The direct reaction is prominent 
in regurgitation jaundice and the indirect reaction in retention jaundice. 
The recent discovery that direct-reacting bilirubin is a glucuronide con- 
jugate of bilirubin has greatly extended our understanding of the bio- 
chemistry of jaundice.’ 1%. 197, 128 


Bilirubin Glucuronide 


Bilirubin glucuronide is a water-soluble, polar compound which is very 
unstable. So far, no pure bilirubin glucuronide has been isolated and 














WEI LIANG YU, ROBERT A. ALDRICH 385 


crystallized. Billing and Lathe" first suggested that this conjugation is 
by an ester linkage at the propionic acid radical of the bilirubin. This 
was subsequently confirmed by Schacter'®* and Schmid.1™ 

Cole and Lathe,*? by reverse phase chromatography, separated the 
direct and indirect bilirubins. Later they succeeded in showing that 
direct-reacting bilirubin consisted of two pigments.** Pigment I was 
shown to be bilirubin monoglucuronide, and pigment II, a diglucuronide 
of bilirubin. Billing and Lathe’ have critically reviewed the evidence 
for this conclusion. 

Bollman and his associates,'® who first observed that in hepatecto- 
mized dogs some indirect bilirubin changed into direct after the bili- 
tubin had passed through the kidney, demonstrated that bilirubin 
diglucuronide (pigment II) was formed in the liver only, and bilirubin 
monoglucuronide (pigment I) also was formed extrahepatically.2° He 
suggested that the estimation of pigments I and II in the blood could 
be of some value in the differential diagnosis of jaundice. Schacter! 
has recently reported his observations along this line of reasoning. 


Bilirubin 
Crystalline bilirubin gives the indirect van den Bergh reaction. Bio- 
chemically, the indirect-reacting bilirubin is unconjugated and is soluble 
in organic solvents such as chloroform. It cannot be separated into 
more than one component in the manner just mentioned for bilirubin 
glucuronide. 

The chart which follows compares the principal differences between 
direct-reacting bilirubin glucuronide and indirect-reacting bilirubin.™ 


BILIRUBIN BILIRUBIN GLUCURONIDE 


Van den Bergh reaction... . Indirect Direct 
Polar activity. ... _ 
Alkaline lability... . _ 

Solubility in water at 
acid or neutral pH.... 
Solubility in CHCl; .... 
Occurrence in bile... . 
Occurrence in icteric urine... . — 


I+ 
++1+ ++ 


Nonglucurony! Bilirubin Conjugates 


Bilirubin sulfate has been identified as a nonglucuronyl conjugate in 
the bile of man and experimental animals.**: 1° Billing et al.’® ob- 
served that 5 to 40 per cent of human bile was alkali-resistant. Bilirubin 
sulfate has this property and probably accounts for the majority of this 
fraction. However, it is likely that there will be other nonglucurony] 
conjugates of bilirubin identified. Bilirubin sulfate gives the direct 
van den Bergh reaction.1*® 
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CLINICAL CONSIDERATIONS 


The foregoing exposition of the biochemical role of the glucuronyl trans- 
ferase system will bring to the minds of clinicians several examples in 
which this enzyme system may play an important part in clinical medi- 
cine. The paragraphs which follow are offered as interpretations of the 
probable effects which this enzyme system has upon pathologic states 
that confront the pediatrician in his practice. 


Kernicterus 


The glucuronyl transferase system has an important relation to the 
pathogenesis of kernicterus because of the infant’s dependence on this 
system for biliary excretion of bilirubin. It is generally agreed that the 
most frequent single etiologic agent that induces the characteristic 
changes of kernicterus is bilirubin. When the serum bilirubin level rises 
above 20 mg. per 100 ml., the incidence of kernicterus among infants 
increases rapidly.**: ** The most common reason for serum bilirubin 
elevation above this figure is erythroblastosis fetalis.? 

It is apparent from the preceding pages that the glucuronyl trans- 
ferase system is relatively inactive or even absent at the time of birth 
in the human being. For this reason there is a rapid accumulation of 
unconjugated bilirubin (indirect reacting) in the infant’s serum and 
tissues. As the infant grows a few days older and the enzyme system 
begins to function, bilirubin is conjugated and excreted. In most in- 
stances the critical period for hyperbilirubinemia of this variety is 
during the first three or five days. (This is compatible with behavior of 
the transferase system after birth.) Hyperbilirubinemia secondary to 
inadequate activity of the transferase system can be effectively treated 
by physical removal of circulating bilirubin during an exchange trans- 
fusion. 

There is good evidence for the presence of excessive amounts of bili- 
rubin in the portions of the brain that are stained with the character- 
istic yellow color seen in kernicterus of human infants or Gunn’s strain 
of rats.17 3°. 76 129 Presumably, the bilirubin concentration within brain 
cells rises and the pigment interferes with intracellular metabolism. 
Day** demonstrated that rat brain oxygen uptake is inhibited by bili- 
rubin using an in vivo system. Mitochondrial preparations of both brain 
and liver from rats treated with bilirubin showed impaired uptake of 
both oxygen and phosphate.** Zetterstrém'** demonstrated that oxi- 
dative phosphorylation is uncoupled in the presence of bilirubin. The 
oxygen metabolism of cells depends on the electron transport system 
and their component heme enzymes. It is therefore of significance 








WEI LIANG YU, ROBERT A. ALDRICH 387 


that the formation of heme by liver and brain cells is considerably in- 
hibited by bilirubin.7® Although Bowen and his colleagues? reported 
that bilirubin inhibited cytochrome reductase and succinate oxidase, 
they failed to show any inhibition of DPNH oxidase. Dr. Robert Igo 
in this department has not been able to confirm the results reported by 
Bowen so far as DPNH oxidase is concerned. He has recently demon- 
strated 50 per cent inhibition of DPNH oxidase (beef heart) by bili- 
rubin solutions containing 0.12 mg. per cent of the crystalline pigment.”° 
This is of interest in view of the suggestion by Najjar®* in 1952 that 
bilirubin might compete with heme for oxygen transfer. 

There is some evidence that the glucuronyl transferase system is 
present in brain cells as well as liver and other tissues.®: ** If this is so, 
it may be that the enzyme system is available to conjugate any bile 
pigment within the brain cells. One can speculate that if this is true, 
the enzyme system may be relatively inactive in this location also at 
the time of birth and a potential second protective mechanism in brain 
cells rendered ineffective at the time of greatest need. 

The effect of anions on the binding of bilirubin by albumin should 
also be mentioned even though it does not concern the glucuronyl trans- 
ferase system. Silverman et al.'!* reported an increase in the incidence 
of kernicterus in a group of premature infants that received sulfisoxazole. 
Johnson et al.** found that sulfadiazine, Gantrisin and Madribon in- 
creased the mortality of young jaundiced rats while lowering the serum 
bilirubin. Odell®*: **: *® reported that organic anions such as sulfisoxa- 
zole, salicylate, caffeine sodium benzoate and increased hydrogen ion 
concentration uncoupled protein-bound bilirubin so that the bilirubin 
became dialysable. Sodium glucuronate and glucuronic acid were found 
to be ineffective by Odell in altering the protein binding of bilirubin. 
Thus the state of dissociation between bound and unbound bilirubin 
may be more pertinent than the total bilirubin to the development of 
kernicterus. It should be pointed out that in 1955 Tuttle'*> noted that 
bilirubin and hematin migrated together with albumin on paper elec- 
trophoresis and suggested that “the extra-vascular distribution of bili- 
rubin may depend, among other factors, upon the degree to which the 
‘bilirubin-binding’ capacity of serum proteins is modified by the pres- 
ence of available hematin.” 


Physiologic Jaundice of the Newborn 


The normal newborn or premature infant often has mild hyperbili- 
rubinemia during the first five days. This biochemical phenomenon 
rarely results in pathologic changes, but it does afford an excellent 
demonstration of the inadequacy of the excretory pathway for bilirubin 
that depends upon the activity of glucuronyl transferase. The varia- 
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bility of the duration and magnitude of this “physiologic” jaundice is 
probably in part related to the natural variation among infants in the 
activity of this enzyme system during the first few days of life. Clinical 
studies of human newborn infants using chemical substances that re- 
quire the glucurony] transferase system for excretion have confirmed the 
low activity of the enzyme system at birth as well as the variability 
among a number of infants.!**: 1*7 In contrast to the child affected with 
erythroblastosis, there is no hemolytic component, and excessive require- 
ments for bilirubin excretion do not appear in the normal newborn. 
The reports by Allison* and Crosse et al.*° that large doses of a syn- 
thetic water-soluble vitamin K preparation apparently increased the 
incidence of kernicterus in premature infants have since been confirmed 
by many observers.®: 2; 84 9° Lucey et al.88 observed similar harm to the 
baby if vitamin K was given to the mother just before delivery. The 
action of vitamin K analogues, among other things, such as primaquine 
and fava beans, causing hemolysis in persons with glucose-6-phosphate 
dehydrogenase deficiency, has been reviewed by Beutler.1* Zinkham'™* 
demonstrated by experiments in vitro that in normal newborns without 
deficiency of glucose-6-phosphate dehydrogenase hypoglycemia might be 
related to hemolysis following large doses of vitamin K analogues. It is 
not known whether vitamin K has any specific action for increasing 
incidence of kernicterus other than causing hemolysis at high dosage. 
It does not inhibit conjugation of bilirubin in vitro by liver slices.*? 


Congenital Absence of the Glucurony! Transferase System (Crigler-Najjar) 


A number of infants and children have been described in recent years 
who seem to share a common metabolic defect. Their primary clinical 
manifestations are jaundice (nonhemolytic), familial appearance of the 
disease and, in many of them, kernicterus.?*: #4, 1° Studies in vivo have 
demonstrated that the livers of these children are unable to conjugate 
bilirubin and therefore are presumably deficient in the glucuronyl 
transferase system.': 2-100. 108, 109 Serum levels of bilirubin rise far above 
the normal range and are composed of virtually 100 per cent indirect- 
reacting bilirubin. 


Gilbert's Disease 


Arias and London’ reported defective bilirubin glucuronide conjugated 
in two patients with Gilbert’s disease by using liver tissue obtained at 
operation which was compared with liver tissue from a normal person 
and from needle biopsy. However, Schmid et al.'!* reported studies 
in vivo of six patients with Gilbert’s disease and stated that glucuronide 
formation was normal. 
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There is another group or groups of patients who have chronic 
jaundice, but unlike patients with Gilbert’s disease, these patients have 
conjugated bilirubin in their serums. One such patient was studied by 
Schiff et al.,!°> and the glucuronide formation tested in vivo with sali- 
cylamide was normal. The two patients reported by Haverback et al.® 
probably also belong to this category. Israels et al. reported four cases 
from two families with hyperbilirubinemia, apparently due to increased 
bilirubin production from marrow erythrocytes or their precursors. One 
of their patients also showed decreased glucuronide formation of 
p-hydroxyacetanilide given by mouth.”! Patients with “Dubin-Johnson 
syndrome’’** also have normal glucuronyl transferase system activity. 


Attempt to Treat Hyperbilirubinemia of Newborn by Medication 


Holt and his associates** #8: *® administered sodium glucuronate to 
newborn infants with hyperbilirubinemia and observed a fall in the 
serum bilirubin level. The fate of the bilirubin was not clear. No in- 
crease in urinary excretion of bilirubin sufficient to explain the fall of 
serum bilirubin was observed. The main objections raised against this 
procedure were as follows: (1) It has been shown that glucuronyl trans- 
ferase was absent or deficient in the livers of newborn infants and other 
young animals such as rat or guinea pig.**: 78 81: 8° (2) Sodium or potas- 
sium glucuronate or free glucuronic acid is not known to serve as a 
glucuronyl donor to any appreciable extent.*!: ® Recently Jeliu et al.” 
and Dwyer et al.5? reported failures of sodium glucuronate or glucuronic 
acid to reduce bilirubinemia in newborn infants. 

In Gunn rats Johnson et al.** observed a fall of bilirubin following 
administration of sodium glucuronate subcutaneously or intraperi- 
toneally. But the incidence of kernicterus was not reduced, and neither 
was the onset of kernicterus delayed. In five rats from which biopsy was 
done, increased bilirubin staining of subcutaneous fat following sodium 
glucuronate administration was observed. 

However, even though the effectiveness of glucuronate as a thera- 
peutic agent at present is doubtful, it is perhaps deserving of further in- 
vestigation because of the following: 

1. Arias et al.* reported glucuronide conjugation in vitro with glu- 
curonic acid, using soluble fractions of rat liver homogenate, and 
Douglas*® reported the utilization of C**-glucurone for glucuronide 
formation by guinea pig liver. 

2. Glucuronyl transferase activity in tissues such as kidney and intes- 
tinal mucosa probably develops earlier than glucuronyl transferase in 
liver. Dutton*® found that the guinea pig fetal stomach is more active 
than fetal liver. 

3. Bollman and his associates®® demonstrated that bilirubin mono- 
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glucuronide is formed outside the liver, and the extrahepatic synthesis 
of thyroxin glucuronide in the eviscerated rat is greater than that ob- 
served in the intact animal.® 

4. Since UDPG dehydrogenase is also low at birth,”* the endogenous 
UDPGA available for glucuronide conjugation must also be low. It is 
therefore reasonable, theoretically at least, to supply the glucuronyl] 
moiety for the transferase. UDPGA is the logical substance if it can be 
made in quantity. 


Detoxication 


In addition to the excretion of bilirubin, the glucuronyl transferase 
system also participates in the metabolism of hormones and steroids 
and the excretion of many drugs, such as salicylate, morphine, chloram- 
phenicol, sulfonamide and meprobamate (see references under Mecha- 
nism of Enzyme Action). Lack of activity of this enzyme system in the 
newborn infant offers a likely explanation for the unusual susceptibility 
in infants to toxic effects from a variety of drugs, including those men- 
tioned above. Of particular interest is the apparent toxicity of chloram- 
phenicol to newborns, especially prematures. Some premature infants 
with infection given chloramphenicol in the usual dosage have expired 
even though the original infection seemed to have cleared up. Autopsies 
have not revealed any specific pathology. According to Glazko et al."* 
about 80 per cent of the chloramphenicol given by mouth to human 
subjects was excreted within 24 hours in the form of glucuronide. It 
may be that the premature infants are as incapable of excreting chlo- 
ramphenicol as they are unable to excrete bilirubin. A recent report by 
Burns et al.?** would tend to confirm this viewpoint (see also p. 250). 
Drisdoll and Hsia*? mentioned other metabolic abnormalities in the 
very young possibly due to incomplete development of glucuronyl trans- 
ferase activity. 


SUMMARY 


The biochemistry of the glucuronyl transferase system has been pre- 
sented. Its role in hyperbilirubinemia, kernicterus and physiologic jaun- 
dice of the newborn, the familial nonhemolytic jaundices and undue 
susceptibility in the newborn period to a variety of drugs, such as sali- 
cylate, morphine, chloramphenicol and probably others, is reviewed. 
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During the past several years a large number of reports have appeared 
in the pediatric and other medical literature describing studies and 
clinical experiences with patients having deficiencies in defense mecha- 
nism and in synthesis or metabolism of the gamma globulins.” ®: ® 2% 21, 
28, 34, 37, 39, 42, 48, 49, 51, 60, 66, 69, 72, 83, 84, 103 Tt js the purpose of this dis- 
cussion to summarize some of the clinical problems presented by these 
patients. Although many of the conclusions presented here are drawn 
from our own experiences with these patients at the University of 
Minnesota Hospitals, some of the observations are not original with us, 
but rather represent confirmation of the experiences of others. Although 
we have attempted to give appropriate scientific credit, no attempt has 
been made to present an exhaustive or complete review of the litera- 
ture with respect to these deficiencies. An attempt is made to stress 
the clinical aspects of these problem cases and to provide information 
useful in their diagnosis and management. 

The conditions to be considered in this paper include (1) congenital, 
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sex-linked recessive form of agammaglobulinemia, (2) congenital hypo- 
gammaglobulinemia, nonsex-linked, (3) acquired agammaglobulinemia, 
and (4) transient hypogammaglobulinemia of infancy. 


AGAMMAGLOBULINEMIA (HYPOGAMMAGLOSBULINEMIA) 


Since Ogden Bruton originally discovered that a child suffering from 
recurrent bacterial and virus infections lacked a gamma globulin peak 
in his electrophoretic pattern, ample opportunity has been presented to 
study patients with this deficiency. During the past 7 years approxi- 
mately 150 such cases have been described in the medical literature, 
and a striking uniformity of the clinical syndrome associated with this 
defect has become apparent. In Figure 34 are compared the free and 
paper electrophoretic patterns obtained on the serums of a normal child 
and a child with agammaglobulinemia. The absence of demonstrable 
. gamma globulin in the electrophoretic pattern is the basis of the name 
given by Bruton to this clinical entity. 


The first child studied in our clinic in whom we recognized this disease presented 
himself to the University of Minnesota Hospitals at the age of six years with a history of 
having had numerous episodes of pneumonia, several of which were proved to be due 
to the pneumococcus and almost all of which had the clinical and laboratory charac- 
teristics of bacterial pneumonia. In addition, this boy had suffered three episodes of 
bacterial meningitis, due on one occasion each to meningococcus, Hemophilus type B, 
and pneumococcus. He also was proved on several occasions to have septicemia, puru- 
lent sinusitis, exudative pharyngitis and otitis media. The clinical pattern that this 
patient presented was that of having repeated attacks of severe, life-threatening bac- 
terial infections. His disease first expressed itself when he had pneumonia at six months 
of age. Subsequently, life for him consisted of a succession of bacterial infections, as 
indicated above. Extensive studies of his family revealed that his mother, father and 
two half-brothers were negative for clinical and laboratory evidence of disease. Two 
years after the diagnosis of this child’s agammaglobulinemia he had polyarthritis, with 
manifestations including subcutaneous nodules characteristic of rheumatoid arthritis. 
Two years later a male sibling was born to the family. This child has also been shown 
to have hypogammaglobulinemia. 


During the past 6 years we have studied 19 children having what we 
believe to be this form of agammaglobulinemia. All have been boys. 
Multiple cases have occurred in four families, and in one family a male 
cousin died of infection during the second half of the first year of life. 
Consequently we have concluded, as have Bruton et al.,° that one form 
of agammaglobulinemia reflects an inborn error of metabolism trans- 
mitted genetically either as a sex-linked recessive or as a sex-limited 
dominant trait. 

The clinical characteristics expressed by this group of patients include 
the following: (1) recurrent, severe bacterial infections, caused primarily 
by the pyogenic pathogens; (2) poorly developed lymphoid tissue— 
adenoids, tonsils, lymph nodes small and poorly developed; (3) extremely 
low concentrations of gamma globulin in blood and tissues; (4) frequent 
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Fig. 34. Free (A) and paper (B) electrophoretic patterns from an immunologically 
normal child are compared to electrophoretic patterns of an agammaglobulinemic 
patient. Note the complete absence of a gamma globulin peak by both methods. 


hematologic abnormalities, including (a) frequent episodes of granulo- 
cytopenia, (b) occasional instances of lymphopenia; (5) a high fre- 
quency of rheumatoid and collagen diseases; (6) a high frequency of 
chronic pulmonary disease, particularly bronchiectasis. 

A second form of agammaglobulinemia, which has been studied 
primarily by the British investigators'®: ** and has also been observed 
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in this country by Traggis and Lawson,*? has also been seen in oui 
clinic.*! This form of agammaglobulinemia is probably also congenital, 
it occurs in females and probably also in males, is usually less complete 
(the patients have higher levels of gamma globulin) than the sex-linked 
or sex-limited form of the disease, and is usually associated with enlarged 
lymphatic organs and often with hemolytic anemia. Too few cases of 
this variant have been observed for us to be certain that it is not 
familial in nature, but thus far no evidence of familial occurrence has 
been presented. 

A third form of agammaglobulinemia is the so-called acquired form 
of the disease. Patients suffering from this form of the disease are per- 
fectly well, without inordinate susceptibility to infection, for a period 
of their lives, and then they begin to have repeated bacterial infec- 
tions. The following are typical examples of acquired agammaglobu- 
linemia: 


L.L., a 37-year-old woman, was well until she was 22 years of age. She had had 
several childhood illnesses, but had never been considered to be inordinately suscep 
tible to infection. At the age of 22 years life changed for her and, as is the case in the 
children with congenital disease, became a succession of life-threatening bacterial 
infections. In a period of 8 years she suffered at least 36 attacks of bacterial pneu 
monia, + attacks of pneumococcal meningitis, 2 episodes of proved septicemia, and 
many infections of her paranasal sinuses, throat and middle ears. During the fifth 
year of her disease multiple joint arthritis developed which underwent remission with 
each of 2 pregnancies. The arthritis has returned on each occasion approximately 
4 months after delivery of her child. She has had Coombs-negative anemia which was 
cured by splenectomy; she has greatly enlarged lymph nodes which persist to the 
present, and a proliferative anomaly of the bone marrow that appears to represent a 
benign hyperplasia of reticulum cells and has been called giant follicular lympho 
blastoma. Her family history is of interest in that the members of her family have 
been particularly prone to rheumatoid arthritis. She and a sister, among 4 siblings, 
have rheumatoid disease, and her mother and 4 of her mother’s 7 siblings have had 
rheumatoid disease. 


Another characteristic case is reflected in the following history. 


F.H. was well until he was 54 years old, when he began to have a succession of bac 
terial infections. These illnesses were usually attacks of bacterial pneumonia, proved 
repeatedly to be due to the pneumococcus. This patient also had severe rheumatoid 
arthritis, involving the knees, ankles, shoulders and elbows, following the onset of the 
decreased capacity to resist infection. The diagnosis of agammaglobulinemia was made 
by electrophoretic and immunochemical determinations of the gamma globulin con 
centration. From the hematologic point of view he had poorly developed lymphoid 
tissue and lacked plasma cells in his lymphatic tissues and his bone marrow. He was 
found to have a large thymoma, removal of which did not result in resolution of the 
protein disturbance. In December, 1955, this patient had hepatitis, presumed to be 
due to infection with hepatitis B. In spite of intensive gamma globulin therapy, he 
died with a disease having the clinical and pathologic features of subacute yellow 
atrophy of the liver. 


The congenital, sex-linked recessive form of agammaglobulinemia and 
the acquired disease have been studied extensively by a number of in- 
vestigators, and the chemical, as well as the immunologic and mor- 
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phologic, limitations of these patients have been reasonably well de- 
fined and compared.2* 3537 Whether the hypogammaglobulinemia 
occurring in young female patients is a separate entity or represents 
acquired agammaglobulinemia beginning in some instances at a very 
early age must be clarified by future study. The latter children, how- 
ever, cannot be ignored and must be taken into account when the total 
picture of the hypogammaglobulinemic states is considered. It is of 
interest that so-called acquired agammaglobulinemia has occurred to- 
gether with multiple congenital anomalies and with a spruelike syn- 
drome, as well as with hematologic disturbances and arthritis, as men- 
tioned above. 


Diagnosis of agammaglobulinemia is generally established by demon- 
stration, using one or another of the electrophoretic techniques, that 
gamma globulin is absent from the serum. The truly agammaglob- 
ulinemic patient lacks a demonstrable gamma globulin peak on the 
electrophoretic pattern. The immunochemical determination of gamma 
globulin level, which depends on the quantitative precipitation tech- 
nique of Kabat and Mayer,®? has also been extensively used.?!: 3% 1° 
In addition, Wiener®? *8 used the antiglobulin inhibition technique, 
and others have found this method useful in providing a quantitative 
estimate of extent of gamma globulin deficiency in these patients. The 
basis for this test is as follows. 


The ability of the unknown serum to inhibit the agglutination of Rh-positive cells 
coated with specific antiserum by rabbit immune antihuman globulin serum is de- 
termined. The highest saline dilution of the unknown serum able to inhibit the agglu- 
tination of coated red cells represents the inhibition titer. This is determined in paral- 
lel with the capacity of normal serum to produce inhibition. The ratio of inhibition 
titer of the unknown serum to the inhibition titer of the standard, times 100, gives the 
percentage of normal gamma globulin in the sample. If the gamma globulin concen- 
tration of the standard serum is precisely known, a relatively simple quantitation of 
gamma globulin concentration in the unknown serum may be obtained. 


In a recent disturbing paper by Sobol** it has been claimed, on the 
basis of uncontrolled clinical observation, that the diagnosis of hypo- 
gammaglobulinemia can and should be made on a clinical basis alone. 
This has certainly not been our experience, and we have repeatedly had 
the pleasure, based on our laboratory studies, of advising physicians that 
a course of injections of gamma globulin is unnecessary. Almost every 
patient for whom this recommendation was made on the basis of 
demonstration of immunologic adequacy has got along well without 
gamma globulin injections. We feel strongly that regular treatment 
with gamma globulin should be reserved for patients in whom the 
gamma globulin deficiencies and/or immunologic inadequacies have 
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been demonstrated. The carte blanche for use of gamma globulin, given 
by Sobol’s unfounded observations, is just not justified by present data. 

Although electrophoretic techniques are readily available to most 
physicians, several simple procedures can be used when they are not 
available to support the history and provide presumptive evidence of 
the gamma globulin and immunologic deficiencies underlying these 
conditions. A list of these presumptive diagnostic tools is provided in 
Table 13. 


TABLE 13. Presumptive Tests for Diagnosis of Agammaglobulinemia 





. Zinc turbidity is zero or insignificant. 

. Schick test remains positive even after immunization with diphtheria toxoid. 

. Total proteins are low, with a high albumin-globulin ratio, even in presence of 
chronic infection. 

. Physical examination and x-rays of nasopharynx reveal minimal tonsillar and adenoid 
tissue (children with sex-linked recessive form). 

. In patients of blood groups A, B or O, isoagglutinins against heterologous blood 
groups are absent. 

. Study of bone marrow or lymph node biopsies reveals no plasma cells. 

. Capillary precipitin test with rabbit antigammaglobulin antiserum is negative. 


The zinc turbidity test, available in most hospital laboratories as a 
liver function test, regularly gives a zero value in agammaglobulinemic 
patients. Agammaglobulinemic patients may be of any of the four 
blood groups (Table 14). Those of A, B or O are lacking or grossly 
deficient in the antibodies against the heterologous blood group anti- 
gens. Thus normal persons of blood group A have isoagglutinins 
against blood group B cells, those of blood group B have antibodies 
against A cells, and those of blood group O have antibodies against A 
and B cells. Not so with the agammaglobulinemic patients, who, since 
they are unable to form antibodies, are grossly deficient even in these 
so-called natural antibodies. 

The routine medical care of most children involves a series of im- 
munizations, including repeated injections of diphtheria toxoid. These 
immunizations result in conversion of the Schick test from positive to 
negative in the immunologically normal person. Again, not so with the 
agammaglobulinemic patients, in whom antibody production in re- 
sponse to antigenic stimulation is grossly deficient or lacking entirely. 
Thus a patient having a positive Schick test in spite of a history of 
immunization is probably deficient immunologically, and may have 
agammaglobulinemia. 

Simply determining the total and fractional serum proteins may pro- 
vide a diagnostic lead in these patients. These children and adults 
present themselves for study with a history of frequent bacterial in- 
fections, often have rheumatoid arthritis or bronchiectasis, and some- 
times suffer from other subacute or chronic pyogenic processes. Im- 
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TABLE 14. Blood Groups and Isoagglutinin Titers in Agammaglobulinemic Patients 


| ISOAGGLUTININS | GAMMA GLOBULIN CONCENTRATION (SERUM) 





PATIENT AGE SEX BLOOD ANTI A ANTI B | ELECTROPHORETIC IMMUNOCHEMICAL 
GROUP TITER TITER (mc. %) (mc. %) 





Congenital Agammaglobulinemia 








9.1, 14.4 3.4 
5.6, 2.9, 3.9 








10, 56, 104 





4.4, 5.1, 18.7 


14.0, 14.1 


8.8, 8.3, 7.0 


14.6, 15.3, 12.8 








G.M. 
Neg. 1- 
= a 
A.L. 
; K.N. 
M.O. 





* Patient had been given gamma globulin by injection before determination of gamma globulin level. 


munologically normal persons having such diseases usually have 
slightly elevated total protein and a reversed albumin-globulin ratio. To 
the contrary, the agammaglobulinemic patients regularly have a low 
tota! protein and a high albumin-globulin ratio. 

Neuhauser™ first pointed out that the x-ray of the nasopharynx will 
suggest the diagnosis of agammaglobulinemia. We®* have also found 
that x-ray examination revealing the deficient lymphoid tissue, es- 
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pecially in the children with agammaglobulinemia, may suggest or 
support the diagnosis. 

The bone marrow of immunologically normal persons contains 
small numbers of plasma cells. After antigenic stimulation or infec- 
tion the numbers of these cells show a significant increase, and chronic 
infection is associated with rather strikingly increased numbers of these 
cells in the marrow. Patients with agammaglobulinemia lack plasma 
cells in their bone marrow. Consequently, studies of the bone marrow 
can reflect the agammaglobulinemic state. 


Gamma Globulin Blood Levels in Patients with Agammaglobulinemia 


In a technical sense the term “agammaglobulinemia” is incorrect.?*: 1! 
During the past 7 years we have studied 19 boys with the congenital, 
presumably sex-linked recessive form of agammaglobulinemia; 9 adults 
with the acquired form of the disease; 4 children, 2 male and 2 female, 
suffering from clinically significant transient hypogammaglobulinemia 
of infancy; and 2 children, one female and one male, who seem to 
have a different form of agammaglobulinemia, similar to that reported 
by Pearce and Perinpanayagam.”* As is reflected in Table 14, im- 
munochemical determinations of gamma globulin concentration in 
these patients have revealed the presence in the serum of significant 
amounts of gamma globulin in each patient. Thus the name “agamma- 
globulinemia” is, in the strictest sense, incorrect. Much has been made 
of this point, and many investigators insist that the appropriate term 
to use in describing patients with this abnormality is “hypogamma- 
globulinemia” or “extreme hypogammaglobulinemia.” It seems to us, 
however, that Bruton’s historical prerogative, the right to name the 
disease he discovered, should be honored by retaining the name he gave 
to it. Certainly, a precedent can be found in the use of the term 
“anemia,” which refers to a gross deficiency of the red blood cells 
rather than to their complete absence from the blood. 


i] lectrophoretic Studies 


Pr 





Immunoelectrophoretic studies by several investigators,?*: 8: 85 as well 
as in our own laboratories,” reveal that these patients regularly have 
small amounts of classic S 7 sedimenting gammayz globulin (Fig. 35). 
In addition, the immunoelectrophoretic studies reveal that congenitally 
agammaglobulinemic patients lack in their serum demonstrable 
amounts of two other proteins, referred to, by Scheidegger’s termi- 
nology, as the betas, and betas, (Table 15). Indirect evidence indicates 
that the isoagglutinins and certain other antibodies'*: are probably 
contained in the betas, fraction, and Heremans** states that the betas, 
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Fig. 35. Immunoelectrophoretic pattern of agammaglobulinemic patient compared 
to the immunoelectrophoretic pattern of a normal person. Note the small amount of 
gammag globulin (30 mg. per 100 ml. by immunochemical technique), in the serum 
pattern of the agammaglobulinemic patient. The absence of the betaga and beta»: 
bands in this patient’s serum is also clear. Note the presence of an apparently large 
amount of a protein designated as beta ox, not present in demonstrable concentration 
in the immunologically normal patient. 


TABLE 15. Immunoelectrophoretic Characterization of Patients with Congenital 
Agammaglobulinemia 


E.SI. J.SI. T.A. W.A. J.SCH. J.SC. D.R. SE. 
12 3 4 11 > 6 6 13 
YEARS YEARS YEARS YEARS YEARS YEARS YEARS YEARS 
WHITE WHITE WHITE WHITE WHITE WHITE WHITE WHITE 
MALE MALE MALE MALE MALE MALE MALE MALE 





Gamma2 0 +* aa a ad 0 _ 0 


Gamma 





globulins 


Gammaja 0 0 





4. 
Beta2x + 





Beta Betaza 


globulins Betnus 








Betaor 





Immunochemical 
gamma globulin 3.0 10-106 
(mg.7%) 





* Indicates presence of a split component. 


also contains certain antibodies. The absence of these proteins in the 
serums of agammaglobulinemic patients suggests that they both have 
an immunologic function. 

Recently we have found that three additional proteins, designated 
by us as gammaja, betaox and betasg, which are not present in demon- 
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trable amounts in blood bank normals, are almost always detectable in 
the serums of agammaglobulinemic patients. Further, a group of pa- 
tients with acquired agammaglobulinemia, whose serums were studied 
by the immunoelectrophoretic technique, were shown to differ from 
the congenital patients in that they frequently had demonstrable 
amounts of betaz, or betas, (Table 16). The clinical significance of 
these observations remains to be established. 


TABLE 16. Immunoelectrophoretic Characterization of Patients with Acquired 
Agammaglobulinemia 
tt. E.K. B.A. F.H. L.Z. 
36 YEARS 44 YEARS 75 YEARS 58 YEARS 57 YEARS 
WHITE WHITE WHITE WHITE WHITE 
FEMALE FEMALE FEMALE MALE FEMALE 





Gamma 0 0 = + + 


globulins 





0 0 





a ~ 
~ ~ 





Beta 
globulins 











Immunochemical 
gamma globulin 5.9 
(mg.%) 





* Indicates presence of a split component. 


Considerable indirect evidence indicates that both congenital and 
acquired agammaglobulinemia are associated with failure of gamma 
globulin formation and are not due to inordinately rapid destruction 
of gamma globulin. For example, intramuscular administration of 
varying amounts of gamma globulin to patients with either congenital 
or acquired disease raises their blood level to a concentration which 
can be predicted by assuming that the gamma globulin space is ap- 
proximately 2.2 times the plasma volume. After such an injection of 
gamma globulin the level of gamma globulin in the serum rises in 
proportion to the amount injected and subsequently decreases accord- 
ing to a logarithmic function of time, with a half-life ranging, in our 
series of patients, from approximately 25 to 35 days. Janeway et al.*# 
have observed several patients with agammaglobulinemia in whom the 
biological half-life for administered, exogenous gamma globulin is 
considerably longer, reaching 60 to 70 days in some instances. Thus, in 
agammaglobulinemic patients the survival of gamma globulin is con- 
siderably longer than the best estimates for biological survival of this 
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Fig. 36. Studies of biologic half-life of gamma globulin in patients with agammaglobu- 
linemia at various ages and various beginning gamma globulin concentrations. 


compound in immunologically normal adults. In Figure 36 are illus- 
trated data which establish the half-life of gamma globulin in agamma- 
globulinemic patients of a variety of ages and at a variety of initial 
gamma globulin concentrations. 


The Immunologic Defect 


Extensive studies of the immunologic defect characterizing agamma- 
globulinemic patients have been carried out in our laboratory and re- 
ported by others. Our studies have included a search for an immune 
response to ubiquitous antigens, a search for the so-called natural cir- 
culating antibodies, stimulation with a variety of potent bacterial 
antigens, stimulation with heterologous blood group antigens, and 
stimulation with effective virus antigens. Viewed in each of these ways, 
the agammaglobulinemic patients, of both the acquired and congenital 
types, show evidence of gross immunologic inadequacy (Table 17). 
These patients lack antibodies to diphtheria toxin, to streptococcal 
products, such as Dick toxin, streptolysin O, hyaluronidase, desoxy- 
ribonuclease B, and streptokinase. In addition, although most of them 
have had mumps as a clinical disease, they regularly lack mumps com- 
plement-fixing antibodies in their serum. They also lack demonstrable 
amounts of both herpes simplex neutralizing antibodies and _polio- 
myelitis virus neutralizing antibodies. Primary stimulation in several 
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TABLE 17. Immune Response to Ubiquitous Antigens 


IMMUNOLOGICAL DETERMINATION NORMAL CHILDREN AGAMMAGLOBULINEMIC 
2-16 YEARS* CHILDREN 
1-12 yvEars* 





1. Schick test negative 16/20 0/14 





2. Dick test negative 14/20 0/14 





3. Antistreptococcal antibodies 
Antistreptolysin-O 19/20 0/14 


Antihyaluronidase 8/10 0/10 








Antistreptokinase — 0/4 





Antidesoxyribonuclease 0/4 





4. Mumps complement-fixing 
antibody 7/10 0/14 





5. Herpes simplex neutralizing 
antibody 9/13 0/14 





6. Poliomyelitis neutralizing anti- 
body, at least one of 3 types 9/14 0/14 





* Numerator is number demonstrating positive immunologic reaction: denominator 
is number of patients studied. 


cases, primary and secondary stimulation in some, and primary, sec- 
ondary, and tertiary stimulation in a number of patients with typhoid- 
paratyphoid antigens, diphtheria toxoid, pertussis, tetanus toxoid and 
pneumococcal polysaccharide did not result in evidence of an immuno- 
logic response (Table 18). In Table 14 are listed the blood groups of 
the patients studied in our laboratory and the isoagglutinin titers ob- 
served in these patients. As will be seen from this table, all the blood 
groups are represented, and nothing is apparent in these data which 
would suggest an unusual distribution among these patients. Isoag- 
glutinins against the heterologous blood group cells usually are not 
demonstrable by the techniques we have used, but occasionally very 
low titers have been observed among patients with either the congenital 
or acquired form of agammaglobulinemia. 


Virus Infections and Response to Injection of Virus Antigens 


One of the most striking paradoxes posed by patients with agamma- 
globulinemia has been their reaction to virus infection and injection of 
virus antigens. Even though these patients have, in general, not been 
capable of an immune response to virus antigens, they have, as a 
group, shown a surprising capacity to resist virus infections.?* 37 Gitlin 
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TABLE 18. Immunological Response to Antigenic Stimulation 


NORMAL CHILDREN CONGENITAL ACQUIRED 
AGAMMAGLOBU- AGAMMAGLOBU- 
LINEMIA LINEMIA 





Typhoid-paratyphoid 
vaccine 0/16* 1/6* 





Diphtheria toxin 
Pertussis vaccine 0/16 2/6t 
Tetanus toxin 





Pneumococcal 
polysaccharide, 0/7 0/4 
typeI 





Pneumococcal 
polysaccharide, 9/10 0/7 0/4 
type II 





* Some who did not respond initially were stimulated with as many as 10 separate 
injections, without showing any demonstrable response. 

t Responses obtained in both instances were quantitatively much lower than those 
obtained in any of the normal persons. 


et al.24 observed that their patients with agammaglobulinemia, when 
vaccinated, responded in a normal way, and revaccination resulted in 
an accelerated immune response. Our observations have been similar. 


Fourteen of our 28 patients with agammaglobulinemia have been vac- 
cinated without abnormal reaction, 9 have been revaccinated and have 
shown evidence of accelerated response, and 5 have been vaccinated a 
third time, giving evidence of an immediate reaction or one acceler- 
ated even more than that resulting from the second infection. Thus, 
with this virus infection, evidence of immunity has been observed, even 
though several of our patients studied have not had demonstrable 
circulating antibodies against the vaccinia virus. Entirely consistent 
with these observations have been those relating to the response of 
these patients to certain naturally occurring virus infections. As a 
group, these agammaglobulinemic patients do not appear clinically to 
have an inordinate susceptibility to most virus infections. The recur- 
rent infections of these patients are due primarily to the so-called 
extracellular, pyogenic pathogens, namely, pneumococci, meningococci, 
Hemophilus bacilli, streptococci and, to a less degree, Pseudomonas, 
staphylococci and Proteus organisms. Little evidence of recurrent virus 
disease is obtained in their histories or from clinical studies. Repeated 
attacks of mumps have been recorded, but it seems possible even here 
that bacterial rather than virus infections may be responsible. We have 
observed measles (rubeola) and chickenpox, reasonably well defined 
virus diseases, to occur in these patients, express themselves clinically 
just as in immunologically normal persons; demonstrate fever, rash, 
systemic and hematologic reactions similar to those occurring in normal 
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persons; and result in recovery according to the normal pattern. In a 
similar fashion, poliomyelitis has occurred in two of our patients, and 
the clinical picture observed, as well as the subsequent recovery pat- 
tern, has not been atypical. Each patient, however, has had residual 
paralysis. 

v The most striking observation is that re-exposure to overt clinical 
measles or chickenpox at a later date has repeatedly resulted in evi- 
dence of firm immunity. For example, one of our agammaglobulinemic 
patients had an attack of classic measles, expressed by coryza, photo- 
phobia, fever, cough, characteristic rash, and Koplik spots. Recovery 
from the infection occurred within seven days. The child subsequently 
was exposed to a sibling having classic rubeola and escaped a recur- 
rence. At a later date he was accidentally and then purposefully ex- 
posed to overt measles on our pediatric ward, and, although he had 
been given no gamma globulin and none was being given at the time, 
the disease did not recur. Entirely parallel observations have been made 
with chickenpox and Asian influenza. From these observations we must 
conclude that, even though the agammaglobulinemic patient lacks 
gamma globulin and lacks capacity to produce demonstrable amounts of 
circulating antibodies, he retains the capacity to develop rather effective 
immunity against certain virus infections. Whether this capacity to resist 
virus infections is the function of classic immunity, dependent on anti- 
body concentrations subliminal to our serologic methodology, or 
whether it is a function of a cellular immunity, dissociated to some de- 
gree from the secretion of circulating antibody, has not been established. 
Whatever its basis, the relative lack of susceptibility to certain virus 
diseases and the high degree of susceptibility to certain bacterial infec- 
tions represent striking clinical characteristics of the agammaglobu- 
linemic patients. 

This relationship is not absolute, however. Observations in our labora- 
tory, as well as the experience of others, indicate that agammaglob- 
ulinemic patients may be inordinately susceptible to homologous serum 
hepatitis.*? —Two of our agammaglobulinemic patients have died, one 
with a clinical picture of subacute yellow atrophy of the liver, and the 
other with the clinical picture of chronic hepatitis and the pathologic 
picture of postnecrotic cirrhosis following apparent infection with 
hepatitis virus B. Gitlin et al.** have observed a fatal case of chronic 
hepatitis with agammaglobulinemia, as have the British workers. It 
would thus appear that the immunologic deficit in agammaglobulinemic 
patients renders them inordinately susceptible to infection with a virus 
responsible for hepatitis, and that the disease, once established in such 
a patient, is regularly progressive and destructive. It is for this reason 
that we now advocate the use of disposable syringes and needles for all 
injections and bloodlettings in agammaglobulinemic patients. 
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Abnormalities of Hematopoietic Tissue in Patients with Ag 9 


Simultaneous with and independent of Craig et al.,1* we?® *° observed 
that patients having either acquired or congenital agammaglobulinemia 
lack plasma cells and precursors of plasma cells in their hematopoietic 
tissues, and that, unlike immunologically normal persons, they fail to 
demonstrate a plasmacytic response to antigenic stimulation. The 
lymphatic tissues of the lymph nodes, bowel, spleen and bone marrow 
are generally underdeveloped in the children with the congenital, sex- 
linked recessive form of agammaglobulinemia, a phenomenon which 
can be ascertained by clinical inspection, roentgenologic examination® 
or lymph node biopsy. The lymph nodes, besides lacking plasma cells, 
are poorly organized in comparison to lymph nodes of normal children 
and adults, have a poorly defined cortex and poorly developed medul- 
lary portions, and have poorly established follicular structure. Whereas 
the lymph nodes of immunologically normal persons respond promptly 
with cellular proliferation, formation of primary and secondary follicles, 
and the elaboration of plasma cells, the lymph nodes of the agamma- 
globulinemic patients respond with feeble lymphocyte accumulation 
and reticulum cell proliferation, but do not demonstrate secondary 
nodules or plasma cell accumulation.1* °° °° Figure 37 compares the 
plasmacyte response in the medullary cords of the lymph node of a 
normal child after antigenic injection and the lack of this response in 
the agammaglobulinemic patient. In Table 19 are summarized com- 
parisons of the bone marrow plasmacyte content of immunologically 
normal children and patients with agammaglobulinemia. 

The consistent presence of plasma cells in the bone marrow of the 
normal patient stands in striking contrast to the almost complete lack 
of these cells in the bone marrow of the agammaglobulinemic patient. 
In light of the extensive investigations* 5: 11, 17-20, 45, 56, 57, 61, 68, 82, 91 
which link the plasma cell to globulin synthesis, antibody production 
and gamma globulin formatiou, it is not surprising to find these cells 
absent in patients with agammaglobulinemia. Listed in Table 20 are a 
number of other hematologic abnormalities which have been observed 
among our agammaglobulinemic patients. In the same table are re- 
corded the hematologic abnormalities which have been observed by 
others in patients with agammaglobulinemia or hypogammaglob- 
ulinemia. It is obvious from this tabulation that, although failure of 
plasma cell production is the hematologic disturbance which charac- 
terizes this group of patients, many of them have other anomalies of 
the hematopoietic system as well. It could be that these additional 
hematologic abnormalities merely reflect a nonspecific response to the 
many infections which the agammaglobulinemic patient experiences. 
However, on a number of occasions, we have observed persistent neu- 
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Fig. 37. Biopsy studies of lymph node taken from a child with congenital agam- 
maglobulinemia and an immunologically normal child. A, From the normal child, 
note highly organized cortical and medullary structure, primary follicles and secondary 
follicles. B, From the agammaglobulinemic patient, note sparsity of lymphocytes, 
poorly organized cortex and absence of follicular structure. Compare the abundant 
plasmacellular response in the normal child (D) to the absence of these cells in the 
agammaglobulinemic patient (C). 


tropenic or transient neutropenic episodes to begin in agammaglob- 
ulinemic patients in the absence of demonstrable infection. 
Consequently, we have chosen to seek a common explanation for 
the many different hematologic disturbances in the agammaglob- 
ulinemic patients, and have proposed that the anomaly basic to this 
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disease resides in the hematopoietic reticulum or multipotent mesen- 
chymal cells. A defect, expressed in some as a deficiency of production 
of lymphocytes,’ neutrophils, eosinophils** or even red blood cells*! 
and platelets, may gain expression as a proliferative anomaly of retic- 
ulum cells, development of benign thymoma® or the occurrence of a 
granulomatous process involving reticulum in others. Only future 
studies of the kinetics of cellular proliferation in these patients under a 
variety of circumstances will provide a definitive answer to this ques- 
tion. 

Not only do the hematopoietic tissues, lymph nodes and bone mar- 
tow lack plasma cells and fail to produce these cells in response to 
antigenic stimulation, but also lymphoid tissue is sparse and plasma 
cells are lacking in the bowel, a site where both are abundant in the 
immunologically normal person. Further, tissue involved in chronic in- 
flammatory processes in the agammaglobulinemic patient is lacking in 


TABLE 19. Plasmacyte Content of Bone Marrow in Immunologically Normal and 
Agammaglobulinemic Patients 
PLASMA CELLS PER 5000 
NUCLEATED MARROW CELLS 





/ 
MEAN RANGE NUMBER OF 5000 
| CELL COUNTS 





Normal Persons 





12 normal children . 2%-15 M&F 
15 normal adults...... . 18-41 M&F 
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TABLE 20. Hematologic Abnormalities Observed in Agammaglobulinemic Patient 


HEMATOLOGIC DIAGNOSIS IN OUR PATIENTS NUMBER OF CASE 





1. Absence or gross deficiency in number of plasma cells in bone 
marrow and lymphatic tissue 
. Persistent neutropenia lasting longer than 3 months 
. Transient aregenerative neutropenic episodes lasting less than 


. Complete absence of eosinophils from blood and bone marrow 

. Apparent cyclic neutropenia 

. Persistent lymphopenia 

. Distinct hypoplasia of the lymphatic tissue, proved by 
biopsy or autopsy 

. Diffuse benign hyperplasia of reticulum cells in bone marrow 
and lymph nodes 

. Granulomatous disease of the reticulum, including bone marrow 


. Benign thymoma 





HEMATOLOGIC ABNORMALITIES OBSERVED BY OTHERS 





. Aregenerative lymphopenia 

. Benign thymoma 

. Aregenerative anemia 

. Aregenerative neutropenia 

. Thrombocytopenia 

. Absence of plasma cells and plasma cell production 
. Aregenerative cyclic neutropenia 

. Hypersplenism 

. Deiiciency of plasma cells 


plasma cells, whereas similar processes in immunologically normal per- 
sons are featured by an abundance of these elements. On Figure 38 
are compared areas from the lamina propria of the appendix of an 
agammaglobulinemic patient and an immunologically normal person. 
On the same figure may be seen chronic pulmonary inflammation from 
an immunologically normal child and a child with agammaglobuline- 
mia. 

Thus it may be agreed that the agammaglobulinemic patient lacks 
the unicellular glands, the plasma cells, which are responsible for 
antibody and gamma globulin synthesis, and fails to form these cells 
in response to antigenic stimulation. 


Reactions to Gram-Negative Bacterial Endotoxins in Agammaglobulinemic 
Patients 


Injections of endotoxins produce in immunologically normal persons a 
series of characteristic reactions. When endotoxins are injected intra- 
dermally, a local reaction, featured by erythema, induration, edema and 
tenderness, develops. This reaction is similar, in both gross and micro- 
scopic characteristics, to reactions of delayed allergy.*® It appears 
within 4 to 6 hours after injection and reaches a maximum 18 hours 





R. GOOD, S. ZAK, R. CONDIE, R. BRIDGES 415 


after intradermal injection of endotoxin. Intradermal injections of 
these compounds in agammaglobulinemic patients produce reactions 
identical to those observed in normals. Similarly, intravenous injections 
of endotoxins produce systemic reactions in the agammaglobulinemic 
patient which cannot be differentiated from those observed in im- 
munologically normal persons. Repeated intravenous injections of 
endotoxin produce a high degree of refractoriness to the toxic effects 


Fig. 38. Absence of plasma cells from the tissue in patients with agammaglobu- 
linemia. A, The plasmacytic infiltrate characteristic of the lamina propria of the ap- 
pendix of immunologically normal persons. B, The lamina propria of the appendix of 
a patient with agammaglobulinemia. Note the abundance of reticulum (stromal) cells 
and the presence of lymphocytes, but the complete absence of plasma cells, in this area. 
C, The abundant plasma cells in the inflammatory exudate in the lungs of an im 
munologically normal child with chronic pulmonary infection associated with bronchi- 
ectasis. D, The chronic infection in the bronchiectatic lungs of an agammaglobu- 
linemic child. Note absence of plasma cells in the inflammatory exudate. 
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of these materials in normal persons. With each injection the sympto 
matic reaction, chills and fever become less pronounced until no ap 
parent effect is produced by the injection. As refractoriness develops 
however, antibodies against antigenic components of the endotoxin: 
appear in the serum, and it is difficult, in man, to dissociate the statc 
of refractoriness from the production of circulating antibody. How 
ever, study of reactions to endotoxins in agammaglobulinemic patients 
provides a clear dissociation of refractoriness to endotoxin from forma 
tion of antibody. Whereas no demonstrable antibodies are produced 
to the repeated injections of endotoxin in these patients, a high degrec 
of refractoriness promptly develops, just as in immunologically normal 
persons. It can be concluded from these investigations that local and 
systemic reactions to endotoxin, and the capacity to develop refractori 
ness, may be dissociated from the classic immune response and produc 
tion of circulating antibody by studying these phenomena in the 
agammaglobulinemic patient. 


Acute-Phase Phenomena, Complement, Properdin and Bactericidal Substances 


During the course of natural infections, and associated with numerous 
experimental stressful experiences, changes occur in the blood which 
are referred to as acute phase reactions.**: *7, 4° 54 67, 9° Among these 


reactions are those listed in Table 21. Each of these acute phase reac- 
tions has been studied in agammaglobulinemic patients and compared 
to the reactions occurring in normal persons. As will be seen in Table 
21, the agammaglobulinemic patients have been observed to behave 
just as normal persons do with respect to these phenomena. 

In addition, we have studied complement concentration in the serum 
of the agammaglobulinemic patients. The observations made to date 
are summarized in Table 22, where it will be seen that complement 
levels in these patients tend to be slightly higher than those observed 
among normals in our laboratories. Barandun and Isliker,! studying 
their own group of agammaglobulinemic patients, and Pillemer,™’ 
studying our cases, have found the total free properdin concentrations 


TABLE 21. Acute Phase Reactions in Agammaglobulinemic Patients during Acute 
Disease 


NUMBER OBSERVED 
NUMBER STUDIED 





1. Increased sedimentation rate 
2. C-reactive protein... 
3. Fibrinogen concentration elevated 
4. Heparin-precipitable protein elevated 
5. Serum mucoprotein elevated 
6. Hyaluronidase inhibitor elevated 
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TABLE 22. Complement Concentration in Agammaglobulinemic Patients 


FORM OF DISEASE PATIENT UNITS/CC. 





Congenital agammaglobulinemia_ ES. 

W.A. 

T.A. 

B.H. 

T.G. 

D.R. 

Mean 83.3 
Range 62.0-96.0 





Acquired agammaglobulinemia _L.L. 59.0 
F.H. 80.0 
L.Z. 96.0 
B.A. 97.0 
Mean 83.0 
Range 59.0-97.0 





Normals’ Range 60-75 





Wedgwood and Janeway’s Normals Mean 47.7 


to be normal. This observation has an important bearing on discussions 
concerning the relationship of properdin to classic antibody. Finally, 
nonspecific bactericidins, destructive of certain strains of beta hemolytic 
streptococci and Bacillus subtilis, were found to be present in normal 


concentrations in the healthy agammaglobulinemic patients and to in- 
crease in concentration during certain acute diseases in these patients 
as in normal persons.*!: °° This observation provides additional evidence 
dissociating these substances and their responses from the classic im- 
munologic mechanism. 

H * | 


bncdt 
‘ i ad wr 





One of the obstacles to surgical and medical progress is the well known 
fact that homotransplants, although they take at first, are rapidly de- 
stroyed by normal persons. Abundant evidence links the homotrans- 
plantation failure to the immune response. In an effort to study this 
point in the agammaglobulinemic patients, several experiments have 
been done which, although somewhat confusing, are worthy of con- 
sideration.*>. 8° Skin has been homotransplanted to four of our agamma- 
globulinemic patients and to an additional child with transient hypo- 
gammaglobulinemia of infancy. In two children, among those with the 
most absolute form of congenital agammaglobulinemia we have studied, 
the results were dramatic. In both instances the homotransplants ap- 
pear to have been successful, and tatooed skin homografts remain in 
place more than five years since initial transplantation. At no time has 
there appeared to be an inflammatory reaction in the graft bed, and 
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no cellular infiltration occurred. In the other three instances the skin 
grafts sloughed. The child with the transient hypogammaglobulinemia 
of infancy, whose gamma globulin level was less than 50 mg. per 100 
ml. when the transplantation was carried out, sloughed the graft with 
the usual vigorous rejection between two and four weeks after trans- 
plantation. Skin homotransplants on two patients with the less com 
plete form of acquired agammaglobulinemia were sloughed. The re- 
actions in the two cases were quite different. In one instance the slough 
was gradual, taking a period of approximately four months for com- 
pletion. In the other the slough was prompt and associated with in- 
tense inflammation. The slough in these instances was associated with 
cellular infiltration, but, unlike the response obtained in immuno- 
logically normal persons, plasma cells were not present in the graft bed 
or the dermis during the period of rejection. These results can be 
interpreted as substantial evidence in favor of the immune theory of 
homotransplantation failure, but they do not establish precisely the 
humoral or cellular basis of the process. 

In an effort to reconstitute the immunologic capacity of the 
agammaglobulinemic patients, transplantation of lymph nodes has 
been performed.*® *: ® These transplants have served to restore to 
some extent the immunologic responsiveness of these patients, but in 
each instance failure of function has ensued after a period of re- 
sponsiveness lasting several months. Recent attempts to restore gamma 
globulin synthesis in these patients by bone marrow transplantation 
have failed.'¢ 





Rheumatoid Disease and Other Collagen Disease in Ag g mic 
Patients 


As patients with congenital and acquired agammaglobulinemia have 
been studied, it has become increasingly apparent that they suffer from 
diseases of connective tissue with inordinate frequency. Diseases such 
as tenosynovitis,®°° dermatomyositis,‘ scleroderma,® rheumatoid ar- 
thritis, and diffuse, fibrinoid vascular disease?* have all been observed 
in patients with agammaglobulinemia. Rheumatoid arthritis alone 
occurs with extraordinary frequency in these patients. 

We have had the opportunity to study 28 patients with agamma- 
globulinemia, and of these, 9 have had some form of connective tissue 
disease. Among our cases, with one exception, this “collagen” disease 
has taken the form of rheumatoid arthritis (Table 23). The child who 
did not have rheumatoid arthritis died of a diffuse, fibrinoid, vascular 
disease which terminated in acute renal failure. Early in the clinical 
course this patient appeared to have Still’s disease; subsequently he had 
infection of the chest wall, and he died a uremic death. Detailed re- 
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TABLE 23. Agammaglobulinemia and Connective Tissue Disease 





Total number of patients with agammaglobulinemia 28 





Number with rheumatoid arthritis: 








Classic 4 

Definite 1 

Probable 2 

Possible 1 

Number with other connective tissue disease 1 
Total with connective tissue disease 9 


view of the pathologic material established that there were no plasma 
cells in the hematopoietic tissues, and fibrinoid vascular lesions were 
present in many locations. These were most prominent in the kidney, 
where the glomerular capillaries were almost all occluded with Schiff- 
positive, eosinophilic material, similar to that observed in the glomerular 
blood vessels in animals succumbing to bilateral renal cortical necrosis 
as part of the generalized Shwartzman reaction, or to the lesions some- 
times observed in the kidneys in patients dying of thrombotic thrombo- 
cytopenic purpura. 

Each of the other eight patients has had various classic manifesta- 
tions of rheumatoid arthritis. In addition, one has suffered from a 
diffuse vascular disease involving the peripheral and central nervous 
systems. The patients we have studied are grouped in Table 23 accord- 
ing to the manner in which they fit the diagnostic criteria of the 
American Rheumatism Association. The manifestations basic to this 
classification are listed in Table 24. Indolent involvement of multiple 





Fig. 39. Rheumatoid nodule from an adult with agammaglobulinemia and rheuma- 
toid arthritis. A, Gross appearance of rheumatoid nodule in an adult woman with 
acquired agammaglobulinemia. B, Microscopic appearance of the rheumatoid nodule 
from this patient. Note the fibrinoid degeneration with the palisading of mesenchymal 
cells around the fibrinoid deposit. 
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joints has been present in all these patients, and, at one time or an- 
other, most have had symmetrical joint disease. Of significance has 
been the observation that three of the eight rheumatoid-agammaglob- 
ulinemic patients have had subcutaneous nodules. In two the nodules 
have been multiple, occurring on elbows and along the ulnar surface of 
the forearm. In one a single, huge nodule was observed. At least one 
nodule has been biopsied in each of the patients, and all have shown 
the characteristic structure of rheumatoid nodules. Figures 39 and 40 
illustrate the gross and microscopic characteristics of the nodules ob- 


served in these patients. 





Fig. 40. A, Rheumatoid nodule on the forearm of an agammaglobulinemic child 
suffering from classic rheumatoid arthritis. B, Microscopic appearance of nodule re- 
vealing vasculitis, fibrosis, palisade formation, and fibrinoid changes in the collagen. 
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In spite of extensive studies, Vaughan could find no positive tests fo 
rheumatoid factors in these patients. He examined their serum by ; 
battery of techniques that included agglutinin reactions with both 
isologous and heterologous gamma globulin, F-II precipitin tests, and 
euglobulin inhibition techniques. 

Synovial biopsies in two of these patients revealed histologic changes 
characteristic of typical rheumatoid arthritis. The one difference be 
tween rheumatoid patients having an intact immunologic mechanism 
and agammaglobulinemic-rheumatoid patients has been the abundance 
of plasma cells in the biopsies of the former and their complete absence 
in the latter. X-ray changes, including demineralization of the bones 
about involved joints and narrowing of the joint spaces, have occurred. 
These observations indicate that patients with agammaglobulinemia 
frequently suffer from a disease indistinguishable from rheumatoid 
arthritis. If this disease can be accepted as rheumatoid arthritis, as 
now seems essential, it implies that this clinical entity can occur in 
patients with a grossly defective immunologic responsiveness; and it 
seems extremely unlikely to us that 1! cumatoid factor, excessive pro- 
duction of antibodies or gamma gloviuin, or even the production of 
autoantibodies are responsible for rheumatoid disease. Instead, the ob- 
servation has led us to favor hypotheses implicating (1) direct infec- 
tion, (2) delayed allergic reaction, (3) direct action of a toxic product of 
infection, (4) the possible direct toxic reaction of antigenic proteins 
themselves, or a common basis of rheumatoid disease and agamma- 
globulinemia in a defective mesenchymal function in considering the 
pathogenesis of rheumatic disease. 


Delayed Allergy and Reactions to Tuberculosis 


Observations originally reported from our laboratory suggested that 
agammaglobulinemic patients were deficient in their capacity to de- 
velop certain delayed allergic reactions, just as they were deficient in 
their capacity to produce circulating antibody. These observations con- 
sisted in the finding that delayed allergic reactions to streptococcal and 
pneumococcal products were absent in the agammaglobulinemic pa- 


TABLE 25. Bacterial-Type Hypersensitivity to Streptococcal Products in Agamma- 
globulinemic Patients 





NUMBER 
ANTIGEN PATIENTS NUMBER POSITIVE 
Streptokinase, Agammaglobulinemic—congenital 14 0 
10 units, 
Streptodornase, Agammaglobulinemic—acquired 6 1 
2.5 units, 
intradermally Children, ages 2-5 53 30 
Children, ages"6-16 50 42 


Adults, normal 30 24 
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tients. A control population of hospitalized children and adults dem- 
onstrated a high frequency of these reactions. The observations are 
summarized in Table 25. The conclusion was drawn from these data 
that a deficiency in capacity to develop delayed allergy characterized 
the agammaglobulinemic patient. 

The conclusion originally drawn is no longer tenable, but the ob- 
servation holds and has not yet been explained. As mentioned above, 
we had observed very early that agammaglobulinemic patients regularly 
express an intense delayed inflammatory reaction to products of Gram- 
negative bacteria. One of our patients with congenital agammaglob- 
ulinemia had primary tuberculosis, and a positive Mantoux reaction 
developed. Another expressed clinically a fungus infection of the skin 
of the diaper area and developed intense delayed allergy to products of 
this fungus. Zinneman?®? described an adult agammaglobulinemic pa- 
tient with clinical tuberculosis and a positive Mantoux reaction. Con- 
clusive evidence that the agammaglobulinemic patients have a 
mechanism for development of delayed allergy which is essentially 
intact has been presented by Kulneff et al.5® and Porter,*7 7* 7 who 
were able to immunize agammaglobulinemic patients with BCG and 
produce delayed allergy to tuberculin. Porter?® further showed that his 
agammaglobulinemic infant would develop delayed allergy to 2,4-dinitro- 
fluorobenzene after its application to the skin in vesicant dose. In our 
own agammaglobulinemic patients we have demonstrated the regular 
capacity to accept transfer of delayed allergy to streptococcal products 
from sensitive, immunologically normal donors; the capacity to develop 
delayed allergy de novo by stimulation with such simple chemical com- 
pounds as 2,4-dinitrofluorobenzene; and the exhibition of antigens as a 
specific immunologic precipitate with antibody, according to the tech- 
nique of Uhr et al.** We have further shown that the sensitivity pro- 
duced in the agammaglobulinemic patient can be transferred to non- 
sensitized, normal persons by subcutaneous injection of the sensitized 
agammaglobulinemic patient’s leukocytes, but cannot be transferred by 
parenteral injection of even massive doses of serum. 

It would appear from the studies with BCG, our observation of 
primary tuberculosis in an agammaglobulinemic child, and the ob- 
servations of Zinneman’®? and Parkes*™* that agammaglobulinemic pa- 
tients deal with tuberculosis very well. The occurrence of clinical histo- 
plasmosis, with healing of widespread pulmonary lesions and calcifica- 
tion, suggests that they may satisfactorily handle this disease as well.87 

From the data available at present it must be concluded that 
agammaglobulinemic patients are able to develop and express delayed 
allergy in a normal or nearly normal manner, and that, as a group, 
they can handle infections such as tuberculosis, histoplasmosis and 
superficial fungus infection much better than they can the infections 
with extracellular, pyogenic bacterial pathogens. 





424 AGAMMAGLOBULINEMIA AND HYPOGAMMAGLOBULINEMIA 


Pneumocystis Carinii Infections in Ag globuli ic Patients 





Recently we®* have had two fatal cases of pneumonia in agammaglob- 
ulinemic children. In spite of intensive antibiotic therapy, the pneu- 
monia progressed relentlessly, and death occurred when the children 
were 6 and 12 months of age. Figure 41, A, shows at low power and 
Figure 41, B, at high power the pathologic picture observed in the lungs 
of both these children. The lesions consisted of interstitial pneumonia, 
with organized, proteinaceous exudate in the alveoli. No plasma cells 
were observed among the alveolar exudate cells, but in every other way 


A 


Fig. 41. Pneumocystis carinii pneumonia in an agammaglobulinemic child. A, The 
interstitial pneumonia at low power, with the characteristic accumulation of organized 
proteinaceous material in the alveoli. B, At high power, revealing the interstitial exu 
date without plasma cells and the characteristic honeycombed appearance of the 
exudate within the alveoli. 
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the pathologic process was characteristic of Pneumocystis carinii pneu- 
monia. Study of bone marrow and lymph nodes from both patients 
showed no plasma cells. 

In 1955 Hutchison** described a strange form of pneumonia occur- 
ring in an agammaglobulinemic patient. On further investigation he 
found that the child’s older sibling had died of an identical form of 
pneumonia. It seems likely that this sibling also suffered from agamma- 
globulinemia. From Hutchison’s publication, Baar recognized the 
process to be Pneumocystis pneumonia, in spite of the absence of 
plasma cells from the interstitial exudate.‘7 Bird and Thomson‘ also 
observed two siblings, one with proved agammaglobulinemia and one 
with presumptive agammaglobulinemia, who died of Pneumocystis 
pneumonia. These observations, together with our own observation 
that the first two cases of Pneumocystis carinii pneumonia discovered 
in Minnesota occurred in agammaglobulinemic children, indicate that 
agammaglobulinemic patients are probably very susceptible to infections 
with the organism responsible for this disease. It is of interest that in 
our cases, as in those reported from Scotland, Pneumocystis carinii 
pneumonia, the so-called plasma cell pneumonia of central Europe, oc- 
curred without any plasma cells in the interstitial infiltrate. 


Transient Hypog globinemia of Infancy 





Many newborn animals, including man, have an immunologic deficiency 
in the immediate neonatal period. Healthy human newborns are born 
with serum gamma globulin concentration slightly higher than that of 
their mother.®>: After birth the serum gamma globulin declines in 
concentration, so that gamma globulin regularly reaches levels at two 
to six months of age which are considerably lower than those char- 
acteristic in the serum of older children and adults.** Although the 
production of small amounts of gamma globulin during this neonatal 
period of logarithmic decline has not been completely excluded, and 
may indeed occur,®* gamma globulin and antibody production at this 
time of life are grossly deficient.6 When the gamma globulin concen- 
tration begins to rise, this protein accumulates rapidly in the serum 
and reaches adult levels during the second year. The duration of the 
period of gamma globulin decline is highly variable from infant to in- 
fant. An occasional child will show declining gamma globulin concen- 
tration for only two weeks, another will have a period of declining con- 
centration lasting one month, and still others may show a decline for 
three to six months. The most likely explanation for the variability of 
the period of decline in gamma globulin concentration is a variability in 
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time of assumption of complete immunologic responsibility. In two 
babies studied in our laboratory, who were born of an agammaglob- 
ulinemic mother® ?°' and consequently agammaglobulinemic in the 
neonatal period, gamma globulin concentration began to rise between 
the twenty-first and twenty-eighth days in one child and between the 
thirty-fifth and forty-second days in the other. 

In serial studies of the gamma globulin decline, assuming essentially 
all the gamma globulin of the infant to be derived from the mother, 
half-life values for gamma globulin in these infants were similar to half- 
life decay rates observed in agammaglobulinemic children given paren- 
teral injections of pooled normal gamma globulin. During this period 
of immunologic inadequacy and rapid decline in gamma globulin con- 
centration in newborns, plasma cells are absent from bone marrow and 
lymph nodes, and do not appear in response to injections of antigens.° 
Several investigators** °° have observed that immunoelectrophoretically 
the serum of newborn infants differs from that of adults and older chil- 
dren in lacking isoagglutinins and the two beta globulins (betaz, and 
betaz,) absent from serum of agammaglobulinemic children. The time 
at which isoagglutinins, betaz, and betas,, begin to appear is roughly 
the time at which the gamma globulin concentration begins to rise and 
immunologic capacity becomes adequate. 

Occasionally the normal period of immunologic inadequacy is pro- 


longed pathologically, and the gamma globulin concentration in the 
serum declines to levels below 100 mg. per 100 ml. When this occurs, 
the children may experience recurrent infections and, indeed, are in- 
distinguishable from children who ultimately are shown to have per- 
sistent congenital agammaglobulinemia. The history of one such patient 
with transient hypogammaglobulinemia follows. 


J.S., a 6-month-old child, was admitted to the University of Minnesota Hospitals 
with a history of having had 3 episodes of pneumonia during the preceding 3-month 
period. Each of the attacks of pneumonia was associated with lobar or lobular consoli- 
dation. The family history revealed no evidence of similar disease. Laboratory investi 
gation revealed the hemoglobin, white blood cell count and differential counts to be 
normal; the urine to be negative; the total protein to be slightly low at 5.6 gm. per 
100 ml., and the albumin-globulin ratio to be high at 4.0:1.6. Zinc turbidity was 1 unit. 
The patient was of blood group O, but no isoagglutinins were demonstrable. The child 
had been immunized with 3 shots, each containing 0.5 cc. of standard diphtheria, per 
tussis and tetanus antigens, during the first 6 months of life, but was still Schick-test 
positive. The Dick test was also positive. Electrophoretic examination of the serum 
revealed no demonstrable gamma globulin peak. Immunochemical determination of 
gamma globulin level revealed a concentration of 42 mg. per 100 ml. While in the 
hospital, the patient had a fourth attack of pneumonia, characterized by a sharp rise 
in temperature, white cell count elevation to 20,800, with 48 per cent neutrophils, 
49 per cent lymphocytes, and 3 per cent monocytes comprising the differential count. 
A lymph node biopsy and bone marrow biopsy revealed no abnormalities, except that 
plasma cells were not demonstrable in the marrow and only a few were to be found 
in the inguinal lymph node. A skin homotransplant was placed on the child’s thigh 
which sloughed completely within 17 days after an excellent initial take. An electro 
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phoretic pattern performed when the child was 7 months of age showed a slight gamma 
globulin peak, and immunochemical measurement of the gamma globulin concentra- 
tion revealed a level of 226 mg. per 100 ml. At 9 months of age the child had an 
essentially normal electrophoretic pattern, and the immunochemical determination of 
gamma globulin revealed a concentration of 540 mg. per 100 ml. Stimulation with 
typhoid-paratyphoid, mumps, poliomyelitis, vaccinia, and diphtheria, pertussis and 
tetanus vaccines revealed the child to be entirely normal in immunologic capacity, and 
capable of producing agglutinating, complement-fixing, virus-neutralizing and anti- 
toxic antibody. Lymph node biopsy, after injection of typhoid-paratyphoid and diph- 
theria-pertussis-tetanus antigens at 9 months of age, revealed normal formation of 
secondary follicles and plasma cells. 

This child, who passed through a period of extreme hypogammaglob- 
ulinemia, apparent immunologic unresponsiveness, and apparent ex- 
treme susceptibility to bacterial infection, was subsequently immuno- 
logically normal. This patient and three others with similar history and 
laboratory findings have proved to have transient hypogammaglobuline- 
mia of infancy. Two other children died of overwhelming pneumonia 
and septicemia: one was male and died at five and one-half months of 
age, and the other was female and died at six months of age. In both 
children the gamma globulin circulating concentration was less than 
75 mg. per 100 ml., but both children at postmortem examination 
showed plasma cells in the lymphoid tissue as well as in the inflam- 
matory exudate. Presumptively, these children also had _ transient 
agammaglobulinemia culminating in death from overwhelming bacterial 
pneumonia. It seems likely to us that the case reported by Keidan 
et al.5* would fall into this group. 

Certain it is that many children pass through a period of infancy 
during which their gamma globulin levels are considerably lower than 
those of normal older children and adults. Our observations indicate 
that the great majority of these children show no unusual susceptibility 
to infection and require no treatment. If the gamma globulin declines to 
a level below 100 mg. per 100 ml., susceptibility to bacterial disease may 
be expressed, and prophylactic antibiotic therapy or injections of gamma 
globulin seem to be indicated. At present only the passage of time and 
assumption of immunologic responsibility permit separation of these 
children from the truly agammaglobulinemic youngsters. Among four 
patients with proved transient hypogammaglobulinemia having clinical 
evidence of recurrent pneumonia, whom we have studied, two have 
been males and two have been females. 


Treatment 


The treatment of agammaglobulinemic patients has been far from satis- 
factory in our hands. Up to the present time, of the 28 patients we have 
studied, 10 have died. Two of these patients died of hepatitis, pre- 
sumably homologous serum hepatitis; two of overwhelming pneumonia, 
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in spite of gamma globulin therapy; two of Pneumocystis carinii pneu 
monia, one of these before initiation of gamma globulin therapy and 
the other in spite of gamma globulin treatment. One child died with the 
clinical picture of pneumonia complicated by encephalomyelitis thought 
by the pathologist to represent virus encephalitis, although no virus 
agent could be grown on a variety of tissue culture systems or demon- 
strated by animal inoculation. This child ‘had previously been given 
gamma globulin therapy. Another child died of an acute, diffuse vascu- 
lar disease. The final two deaths in our series occurred from apparent 
sepsis and pneumonia in children who had been given no gamma globu- 
lin therapy. These two deaths occurred prior to diagnosis of agamma- 
globulinemia, before we were aware of Bruton’s publication, and were 
only diagnosed in retrospect on stored serum samples. The remaining 
18 patients are alive, and the majority have been receiving gamma 
globulin injections at intervals of three weeks to one month. 

We have found empirically that maintenance of their serum gamma 
globulin concentration at a level between 100 and 300 mg. per 100 ml. 
provides remarkable protection against infections and permits the ma- 
jority to live an essentially normal life. For them, this seems a major 
achievement. The dosage of gamma globulin required to maintain these 
blood levels has ranged from 0.6 to 0.8 cc. of the Red Cross gamma 
globulin* per kilogram, given intramuscularly every 3 to 4 weeks. We 
have, however, found it necessary to use antibiotics frequently in treat- 
ment of infections in the patients being maintained on gamma globulin 
therapy, and five of them have seemed to require that gamma globulin 
be given together with continuous prophylaxis with broad-spectrum 
antibiotics.t 

For several years, primarily because we were uncertain of the safety 
of such large-dose gamma globulin therapy, we have maintained several 
agammaglobulinemic patients on prophylactic tetracycline therapy. In 
these patients we used 250 to 500 mg. of tetracycline per day. Although 
occasional instances of pneumonia, sinusitis and urinary tract infection 
have occurred in this group in spite of prophylactic antibiotics, these 
patients have been as well protected as have those treated with monthly 
injections of gamma globulin. 

Observations in our series of patients suggest, however, that long-term 
treatment with large doses of gamma globulin may be associated with 
decrease in severity and even disappearance of the rheumatoid disease 
which occurs in these patients. To the contrary, this does not seem to be 
true in the two rheumatoid agammaglobulinemic patients given con- 
tinuous antibiotic therapy. 


* The gamma globulin used in all our investigations has been provided by the Amer 
ican Red Cross through the courtesy of Dr. Sam T. Gibson. 

t The tetracycline used in these studies has been generously provided by the Upjohn 
Company. 
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The theoretical danger that continued prophylaxis with broad-spec- 
trum antibiotics may lead to a higher incidence of infection with re- 
sistant organisms in these patients than in the group treated with 
gamma globulin has not been realized. Regardless of the regimen used, 
all three of which have resulted in most striking improvement in the 
welfare of the patients, the agammaglobulinemic patients as a group 
continue to be very fragile. They require frequent intensive antibiotic 
therapy and hospital care for intercurrent infections. The rheumatoid 
disease remains an unsolved problem, and one additional patient has 
shown evidence of diffuse vascular disease. Consequently, we feel 
strongly that continued intensive study is necessary if truly satisfactory 
therapy is to be provided for these unfortunate immunologic cripples. 


REFERENCES 


1. Barandun, S., and Isliker, H.: Properdinbestimmungen im Serum von Patienten 
mit einem Antikérpermangelsyndrom (Hypo- und Agammaglobulinaemie). 
Fourth Colloquim, St. Jans Hospital, Bruges, Belgium, 1956. 

. Barrett, B., and Volwiler, W.: Agammaglobulinemia and Hypogammaglobu- 
linemia—the First Five Years. J.A.M.A., 164:866, 1957. 

. Bing, J., and Plum, P.: Serum Proteins in Leucopenia, Contribution on the 
Question about the Place of Formation of the Serum Proteins. Acta med. 
Scandinav., 92:415, 1937. 

. Bird, T., and Thomson, J.: “Pneumocystis Carinii’”” Pneumonia. Lancet, 1:59, 
1957. 

. Bjorneboe, M., and Gormsen, H.: Experimental Studies on the Role of Plasma 
Cells as Antibody Producers. Acta path. et microbiol. Scandinav., 20:649 
1943. 

. Bridges, R. A., Condie, R. M., Zak, S. J., and Good, R. A.: The Morphologic 
Basis of Antibody Formation Development during the Neonatal Period. J. Lab. 
© Clin. Med., 53:331, 1959. 

. Bridges, R. A., and Good, R. A.: The Immunoelectrophoretic Characterization 
of Agammaglobulinemic States. J. Clin. Invest., to be published. 

. Bruton, O. C.: Agammaglobulinemia. Pediatrics, 9:722, 1952. 

. Bruton, O. C., Apt, L., Gitlin, D., and Janeway, C. A.: Absence of Serum Gamma 
Globulins. Am. J. Dis. Child., 84:632, 1952. 

. Citron, K. M.: Agammaglobulinaemia with Splenomegaly. Brit M.J., 1:1148, 
1957. 

. Coons, A. H., Leduc, E. H., and Connolly, J. M.: Studies on Antibody Produc- 
tion. I. A Method for the Histochemical Demonstration of Specific Antibody 
and Its Application to a Study of the Hyperimmune Rabbit. J. Exper. Med., 
102:49, 1955. 

. Corbeel, L., Lahey, E., and Guest, G. M.: L’>hypogammaglobulinémie chez 
l’enfant. Arch. franc. Pédiat., 11:561, 1954. 

. Craig, J. M., Gitlin, D., and Jewett, T. C.: The Response of Lymph Nodes of 
Normal and Congenitally Agammaglobulinemic Children to Antigenic Stimu- 
lation. Am. J. Dis. Child., 88:626, 1954. 

. Deutsch, H. F., Alberty, R. A., Gosting, L. J., and Williams, J. W.: Biophysical 
Studies of Blood Plasma Proteins; Immunological Properties of Gamma Globu- 
lins from Plasma of Normal Humans. J. Immunol., 56:183, 1947. 

. Deutsch, H. F., and Morton, J. I.: Relationships of Macroglobulins to Thei1 
Monomer Units. Federation Proc., 16:172, 1957. 

. Domz, C. A.: Bone Marrow Transplant in Acquired Hypogammaglobulinemia. 
]. Lab © Clin. Med., 55:105, 1960. 





430 


AGAMMAGLOBULINEMIA AND HYPOGAMMAGLOBULINEMIA 


. Ehrich, W. E., Drabkin, D. L., and Forman, C.: Nucleic Acids and the Pro 


duction of Antibody by Plasma Cells. J. Exper. Med., 90:157, 1949. 


. Ehrich, W. E., Forman, C., and Seifter, J.: A Study of Experimental Serum Sick 


ness. Federation Proc., 7:270, 1948. 


. Epstein, E.: Beitrag zur Theorie und Morphologie der Immunitiat. Histiocyten 


aktivierung in Leber, Milz und Lymphknoten des Immunitieres (Kaninchen). 
Virchows Arch. f. path. Anat., 273:89, 1929. 


. Fagraeus, A.: Antibody Production in Relation to the Development of Plasma 


Cells. Acta med. Scandinay., Suppl. 204, 1-122, 1948. 


. Gitlin, D.: Low Resistance to Infection: Relationship to Abnormalities in 


Gamma Globulin. Bull. New York Acad. Med., 31:359, 1955. 


. Gitlin, D., Hitzig, W. H., and Janeway, C. A.: Multiple Serum Protein Defi 


ciencies in Congenital and Acquired Agammaglobulinemia. J. Clin. Invest., 
35:1199, 1956. 


. Gitlin, D., and Janeway, C. A.: Agammaglobulinemia: Congenital, Acquired, 


and Transient Forms; in Tocantins, E., ed.: Progress in Hematology. New 
York, Grune & Stratton, Inc., 1956. 


24. Gitlin, D., Janeway, C. A., Apt, L., and Craig, J. M.: Agammaglobulinemia; in 


Lawrence, H. S., ed.: Cellular and Humoral Aspects of the Hypersensitive 
States. New York, Paul B. Hoeber, Inc., 1959. 


. Glick, D.: Hyaluronidase Inhibitor of Human Blood Serums in Health and 


Disease. J. Mt. Sinai Hosp., 17:207, 1950. 


. Good, R. A.: Absence of Plasma Cells from Bone Marrow and Lymph Nodes 


Following Antigenic Stimulation in Patients with Agammaglobulinemia 
Revue d’Hematologie, 9:502, 1954. 


7. Idem: Acute Phase Reactions in Rheumatic Fever; in Thomas, L., ed.: Rheu- 


matic Fever. Minneapolis, University of Minnesota Press, 1952. 


. Idem: Agammaglobulinemia: A Provocative Experiment of Nature. Bull. Univ 


Minn. Hosp. @ Minn. Med. Found., 26:1, 1954. 


. Idem: Agammaglobulinemia: An Experimental Study. Am. J. Dis. Child., 88: 


625, 1954. 


. Idem: Studies on Agammaglobulinemia. II. Failure of Plasma Cell Formation 


in the Bone Marrow and Lymph Nodes of Patients with Agammaglobulinemia. 
]. Lab. @ Clin. Med., 46:167, 1955. 


31. Idem: Unpublished data. 
32. Good, R. A., and Page, A. R.: Fatal Complications of Virus Hepatitis in Two 


Agammaglobulinemic Patients. Am. J. Med., to be published. 


. Good, R. A., Rotstein, J., and Mazzitello, W. F.: The Simultaneous Occurrence 


of Rheumatoid Arthritis and Agammaglobulinemia. J. Lab. @ Clin. Med., 
49:343, 1957. 


34. Good, R. A., and Varco, R. L.: A Clinical and Experimental Study of Agam- 


maglobulinemia. J. -Lancet, 75:245, 1955. 


. Idem: Studies on Agammaglobulinemia. I. Successful Homograft of Skin in a 


Child with Agammaglobulinemia. J.A.M.A., 157:713, 1955. 


. Good, R. A., Varco, R. L., Aust, J. B., and Zak, S. J.: Transplantation Studies 


in Patients with Agammaglobulinemia. Ann. New York Acad. Sc., 64:882, 
1957. 


. Good, R. A., and Zak, S. J.: Disturbances in Gamma Globulin Synthesis as 


Experiments of Nature. Pediatrics, 18:109, 1956. 


8. Grabar, P., Burtin, P., and Seligmann, M.: Etudes immuno-électrophorétiques 


et immunochimiques des agammaglobulinémies. Rev. frang. Etudes Clin 
Biol., 3:41, 1958. 


. Grant, G. H., and Wallace, W. D.: Agammaglobulinaemia. Lancet, 2:671 


1954. 


. Ham, T. H., and Curtis, F. C.: Plasma Fibrinogen Response in Man; Influence 


of Nutritional State, Induced Hyperpyrexia, Infectious Disease and Liver 
Damage. Medicine, 17:413, 1938. 


. Hansen, A.: Personal communication. 





R. GOOD, S. ZAK, R. CONDIE, R. BRIDGES 431 


. Hayles, A. B., Stickler, G. B., and McKenzie, B. F.: Decrease in Serum Gamma 
Globulin (Agammaglobulinemia). Report of Three Cases. Pediatrics, 14:449, 
1954. 

. Heremans, J. F.: Immunochemical Studies on Protein Pathology. The Immuno- 
globulin Concept. Clin. Chim. Acta, 4:634, 1959. 

. Hitzig, W. H.: Die physiologische Entwicklung der “Immunoglobuline” 
(Gamma- und Betag-Globuline). Helvet. paediat. Acta, 12:596, 1957. 

. Huebschmann, P.: Das Verhalten der Plasmazellen in der Milz bei infektidsen 
Prozessen. Verhandl. deutsch. path. Gesellsch., 16:110, 1913. 

. Hutchison, J. H.: Congenital Agammaglobulinaemia. Lancet, 2:844, 1955. 

. Idem: Letter to the Editor. Lancet, 2:1196, 1955. 

. Janeway, C. A., Apt, L., and Gitlin, D.: Agammaglobulinemia. Tr. A. Am. 
Physicians, 66:200, 1953. 

. Janeway, C. A., and Gitlin, D.: The Gamma Globulins. Ady. in Pediatrics, 
9:65, 1957. 

. Janeway, C. A., Gitlin, D., Craig, J. M., and Grice, D. S.: “Collagen Disease” 
in Patients with Congenital Agammaglobulinemia. Tr. A. Am. Physicians, 
69:93, 1956. 

. Jean, R.: Hypo- ou Agamma-globulinémie isolée chez l’enfant. Presse méd., 61: 
828, 1953. 


52. Kabat, E. A., and Mayer, M. M.: Experimental Immunochemistry. Springfield, 


Ill., Charles C Thomas, 1948. 

. Keidan, S. E., McCarthy, K., and Haworth, J. C.: Fatal Generalized Vaccinia 
with Failure of Antibody Production and Absence of Serum Gamma Globu- 
lin. Arch. Dis. Childhood, 28:110, 1953. 

. Kelley, V. C., Good, R. A., and McQuarrie, I.: Serum Mucoproteins in Children 
in Health and Disease, with Special Reference to Rheumatic Fever. Pediatrics, 
5:824, 1950. 

. Knapp, E. L., and Routh, J. I.: Electrophoretic Studies:of Plasma Proteins in 
Normal Children. Pediatrics, 4:508, 1949. 


56. Kolouch, F., Jr.: Origin of Bone Marrow Plasma Cells Associated with Allergic 


and Immune States in the Rabbit. Proc. Soc. Exper. Biol. @ Med., 39:147, 
1938. 

. Kolouch, F., Good, R. A., and Campbell, B.: The Reticuloendothelial Origin 
of the Bone Marrow Plasma Cells in Hypersensitive States. J. Lab. © Clin. 
Med., 32:749, 1947. 

. Krovetz, L. J., Burke, B. A., and Good, R. A.: Manuscript in preparation. 

. Kulneff, N., Pedersen, K. O., and Waldenstrém, J.: Drei Falle von Agamma- 
globulinamie—Ein klinischer, genetischer und physikalisch-chemischer Beitrag 
zur Kenntnis des Proteinstoffwechsels. Schweiz. med. Wehnschr., 85:363, 
1955. 

. Lang, N., Schettler, G., and Wildhack, R.: Ueber einen Fall von “Agamma- 
globuliniamie” und das Verhalten parenteral zugefiihrten radioaktiv markierten 
Gammaglobulins im Serum. Klin. Wehnschr., 32:856, 1954. 

. Leduc, E. H., Coons, A. H., and Connolly, J. M.: Studies on Antibody Produc- 
tion. II. The Primary and Secondary Responses in the Popliteal Lymph Node 
of the Rabbit. J. Exper. Med., 102:61, 1955. 

. MacLean, L. D., Zak, S. J., Varco, R. L., and Good, R. A.: Thymic Tumor and 
Acquired Agammaglobulinemia—A Clinical and Experimental Study of the 
Immune Response. Surgery, 40:1010, 1956. 

. Margulis, A. R., Feinberg, S. B., Lester, R. G., and Good, R. A.: Roentgen 
Manifestations of Congenital Agammaglobulinemia. Radiology, 69:354, 1957. 
. Martin, C. M.: Discussion of paper by Good et al. Ann. New York Acad. Sc., 
64:927, 1957. 

. Martin, C. M., Waite, J. B., and McCullough, N. B.: Antibody Protein Syn- 
thesis by Lymph Nodes Homotransplanted to a Hypogammaglobulinemic 
Adult. J. Clin. Invest., 36:405, 1957. 

. Martin, N. H.: Agammaglobulinaemia: A Congenital Defect. Lancet, 2:1094, 
1954. 





AGAMMAGLOBULINEMIA AND HYPOGAMMAGLOBULINEMIA 


7, McCarty, M.: Occurrence during Acute Infections of Proteins Not Normai} 
Present in the Blood; Crystallization of C-Reactive Protein. J. Exper. Med.., 
85:491, 1947. 

. Moeschlin, S., Pelaez, J. R., and Hugentobler, F.: Untersuchungen iiber Phasen 
kontrastverinderungen der Plasmazellen bei der experimentellen Antikérper 
bildung. Schweiz. med. Wcehnschr., 81:1247, 1951. 

. Moncke, C.: Essentielle Agammaglobulinamic. Schweiz. med. Wcehnschr., 84: 
1033, 1954. 

. Moore, D. H., Martin du Pan, R., and Buxton, C. L.: An Electrophoretic Stud; 
of Maternal, Fetal, and Infant Sera. Am. J. Obst. @ Gynec., 57:312, 1949. 


71. Neuhauser, E.: Personal communication. 


. O’Brien, D., and Sharp, B. B.: Agammaglobulinaemia. Proc. Roy. Soc. Med., 
48:336, 1955. 

. Orlandini, O., Sass-Kortsak, A., and Ebbs, J. H.: Serum Gamma Globulin Levels 
in Normal Infants. Pediatrics, 16:575, 1955. 

. Parkes, R.: Hypogammaglobulinaemia and Tuberculosis: Implication of Their 
Association, and Other Observations. Brit. M.J., 1:973, 1958. 

. Pearce, K. M., and Perinpanayagam, M. S.: Congenital Idiopathic Hypogamma 
globulinaemia. Arch. Dis. Childhood, 32:422, 1957. 

. Pillemer, L., and Good, R. A.: Unpublished data. 

. Porter, H. M.: Congenital Agammaglobulinemia: A Sex-Linked Genetic Trait 
and Demonstration of Delayed Skin Sensitivity. Am. J. Dis. Child., 90:617, 
1955. 

. Idem: Immunologic Studies in Congenital Agammaglobulinemia, with Emphasis 
on Delayed Hypersensitivity. Pediatrics, 20:958, 1957. 

. Idem: The Demonstration of Delayed-Type Reactivity in Congenital Agamma 
globulinemia. Ann. New York Acad. Sc., 64:932, 1957. 

. Prasad, A. S., Reiner, E., and Watson, C. J.: Syndrome of Hypogammaglobu 
linemia, Splenomegaly and Hypersplenism. Blood, 12:926, 1957. 


31. Ramos, A. J.: Presentation of a Case, with Discussion by V. Loeb. J.A.M.A., 


160:1317, 1956. 
. Reiss, E., Mertens, E., and Ehrich, W. E.: Agglutination of Bacteria by Lym 
phoid Cells in Vitro. Proc. Soc. Exper. Biol. @ Med., 74:732, 1950. 


33. Rosecan, M., Trobaugh, F. E., Jr., and Danforth, W. H.: Agammaglobulinemia 


in the Adult. Am. J. Med., 19:303, 1955. 

. Sanford, J. P., Favour, C. B., and Tribeman, M. S.: Absence of Serum Gamma 
Globulins in an Adult. New England J. Med., 250:1027, 1954. 

5. Scheidegger, J. J.: L’immuno-électrophorése. Semaine hép. Paris, 32:2119, 1956 
. Scheidegger, J. J., and Martin du Pan, R.: Etude immuno-électrophorétique des 
protéines sériques du nouveau-né et du nourrisson. Etudes Néo-Natales, 6:135, 
1957. 

. Seltzer, G., Baron, S., and Toporek, M.: Idiopathic Hypogammaglobulinemia 
and Agammaglobulinemia. New England J. Med., 252:252, 1955. 

. Sobol, J. M.: Hypogammaglobulinemia. Clin. Med., 6 (9), September, 1959. 
. Stetson, C. A., Jr.: Studies on the Mechanism of the Shwartzman Phenomenon. 
Similarities between Reactions to Endotoxins and Certain Reactions of Bac- 
terial Allergy. J. Exper. Med., 101:421, 1955. 

. Thomas, L., Smith, R. T., and Von Korff, R.: Cold-Precipitation by Heparin 
of a Protein in Rabbit and Human Plasma. Proc. Soc. Exper. Biol. @ Med., 
86:813, 1954. 

. Thorbecke, G. J., and Keuning, F. J.: Antibody Formation in Vitro by Haemo 
poietic Organs after Subcutaneous and Intravenous Immunization. J. Im- 
munol., 70:129, 1953. 

. Traggis, D. G., and Lawson, R. L.: Personal communication to the authors. 


93. Trevorrow, V. E.: Concentration of Gamma-Globulin in the Serum of Infants 


during the First 3 Months of Life. Pediatrics, 24:746, 1959. 

. Uhr, J. W., Salvin, S. B., and Pappenheimer, A. M., Jr.: Delayed Hypersensi- 
tivity. II. Induction of Hypersensitivity in Guinea Pigs by Means of Antigen- 
Antibody Complexes. J. Exper. Med., 105:11, 1957. 





R. GOOD, S. ZAK, R. CONDIE, R. BRIDGES 433 


. Van Gelder, D. W.: Clinical Significance of Alterations in Gamma Globulin 
Levels. South. M.J., 50:43, 1957. 
. Vaughan, J. H., and Good, R. A.: Relation of ““Agammaglobulinemia” Sera to 
Rheumatoid Agglutination Reactions. Arth. @ Rheum., 1:99, 1958. 
. Wiener, A. S.: Serologic Test for Human Serum Globulin. II. Application in 
Diagnosis and Treatment of Agammaglobulinemia. Am. J. Clin. Path., 25: 
595, 1955. 
. Wiener, A. S., and Gordog, E. B.: Studies on Human Serum Gamma Globulin. 
I. Half-Life and Rate of Production. J]. Lab. @ Clin. Med., 49:258, 1957. 
. Wood, D. C.: Antibacterial Activity of Serum from Patients Showing Hyper- 
and Hypogammaglobulinemia. Federation Proc., 16:1616, 1957. 
. Young, I. I., Wolfson, W. Q., and Cohn, C.: Studies in Serum Proteins: 
Agammaglobulinemia in the Adult. Am. J. Med., 19:222, 1955. 
. Zak, S. J., and Good, R. A.: Immunochemical Studies of Human Serum Gamma 
Globulins. J. Clin. Invest., 38:579, 1959. 
102. Zinneman, H. H., and Hall, W. H.: Steatorrhea and Probable Tuberculosis with 
Acquired Hypogammaglobulinemia. Am. Rev. Tuberc., 74:773, 1956. 
103. Zinneman, H. H., Hall, W. H., and Heller, B. I.: Acquired Agammaglobu- 
linemia. J.A.M.A., 156:1390, 1954. 


560 Heart Hospital 
University of Minnesota 
Minneapolis 14, Minn. (Dr. Good) 








RHEUMATOID DISEASE IN CHILDHOOD 


VINCENT C. KELLEY, M.D. 


uring the past few years there has been a remarkable resurgence of 
interest in rheumatoid disease in childhood; articles on this subject 
have appeared with increasing frequency in the pediatric literature. 
With this increasing interest there has been a change in our concept 
of the disease. At present this disease of children has emerged as a 
well defined entity which differs in many respects from rheumatoid 
arthritis in the adult. The purpose of this communication is to discuss 
briefly the changing concept of this disease. No attempt will be made 
to present a comprehensive review of the subject. 

Perhaps the most important change in our concept of rheumatoid 
disease in childhood has been the evolution of the idea that this is a 
systemic disease rather than exclusively a disease of joints. Previous to 
the appearance of Still’s classic paper in 1897* little attention had 
been devoted in medical writings to rheumatoid disease in childhood. 
Still, when he described a small group of patients with arthritis of 
the knees, wrists, spine and fingers, lymphatic enlargement, splenic 
enlargement, and pericarditis in some, called attention to manifesta- 
tions that may occur in children with rheumatoid disease which indi- 
cate that this is a generalized rather than only a joint disease. This 
report succeeded in focusing attention on the occurrence of one type 
of rheumatoid disease with prominent systemic manifestations in 
childhood. For some time thereafter only sporadic mention of the 
systemic manifestations in this disease other than in patients with the 
classic Still’s syndrome appeared in the literature. Much of the em- 
phasis during this period concerned whether Still’s disease is a distinct 
entity or is indeed a manifestation of juvenile rheumatoid arthritis. 
Gradually there developed a greater awareness of the frequency with 
which a variety of nonarticular manifestations occur, but unfortunately 


From the Department of Pediatrics, University of Washington School of Medicine, 
Seattle. 
435 





436 RHEUMATOID DISEASE IN CHILDHOOD 


many years elapsed before much attention was given to the frequent 
occurrence and significance of systemic manifestations as the principal 
symptomatology in patients with this disease. Several recent publica- 
tions have dealt at some length with this aspect of the dis- 
ease.” 11, 12, 18, 33 Jt now is apparent and generally accepted that the 
systemic manifestations constitute an important and sometimes the 
most prominent feature of the disease and that the diagnosis often 
can be made at a time when there is little or no objective evidence of 
joint involvement. 

Most recent writers on the subject of rheumatoid disease in child- 
hood are of the opinion that the designation of “Still’s disease” should 
be abandoned in favor of the designation “rheumatoid disease” pro- 
posed by Ellman and Ball.'! The classic syndrome described by Still 
occurs in only a relatively small percentage of patients; yet standard 
pediatric teaching has emphasized this aspect of the disease to the 
exclusion of other aspects. Consequently many pediatricians have been 
and even yet are reluctant to make the diagnosis of rheumatoid disease 
in the absence of Still’s criteria. This is a most unfortunate situation 
for the significant number of patients with juvenile rheumatoid disease 
who never manifest these diagnostic criteria. 

No doubt there are many reasons for the tardiness with which 
pediatric interest has been aroused in rheumatoid disease in child- 
hood. Perhaps not the least significant of these is the fact that, classi- 
cally, care of patients with juvenile rheumatoid disease has been 
relegated to the internist, rheumatologist or orthopedist. The referral 
of the patients to these specialists has occurred at a time, often rather 
late in the disease, when the pediatrician finally has made or suspected 
the proper diagnosis. Consequently these specialists in adult medicine 
who have supervised the care of these patients have not seen the entire 
spectrum of the disease and in the past often paid relatively little 
attention to its early manifestations. Conversely, the pediatrician has 
had little opportunity to develop a real interest in rheumatoid disease 
or to become familiar with its course and later manifestations. Even 
the descriptions of juvenile rheumatoid disease in the classic pediatric 
textbooks commonly have been presented from the viewpoint of the 
internist. As a result of this series of circumstances the situation has 
arisen in which there are few physicians with special interest in and 
knowledge about rheumatoid disease in children; and patients in this 
group have suffered unnecessarily because of this. 


ETIOLOGY 


The etiologic basis of rheumatoid disease is unknown. Many factors 
have been implicated as being important in predisposing to the disease 
or in precipitating acute episodes. 
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Respiratory Infections 


Several authors? 7 18. 23. 25 have observed a high incidence of respiratory 
infections preceding the onset of arthritis. Intercurrent respiratory in- 
fections during the course of rheumatoid disease are common and 
commonly initiate a recrudescence of symptoms. Exanthematous infec- 
tions such as scarlet fever and measles occasionally precipitate rheu- 
matoid attacks.® 

In several studies beta hemolytic streptococci were isolated from 
throat cultures in 25 to 60 per cent of the patients whose episodes 
were initiated by an upper respiratory tract infection.’ * *% 2° In our 
series of patients positive cultures for beta hemolytic streptococcus 
were obtained in one third of all patients in whom cultures were done. 
This figure was increased to 45 per cent if only those patients were 
considered who had had the onset of their illness less than 3 months 
previous to their hospital admission and had received no penicillin 
treatment in the interim. 

It seems apparent from these studies and others that infection with 
the beta hemolytic streptococcus may initiate an episode of rheumatoid 
disease, but that by no means all respiratory infections which precipitate 
attacks of rheumatoid disease are due to this organism. 


Trauma 


Trauma has been implicated as an initiating factor in rheumatoid 
disease.?* 2° It also has been our experience that a small percentage of 
patients appear to have their rheumatoid episode triggered by a 
traumatic incident. However, it is the author's impression, in con- 
formity with that reported by Johnson and Dodd,’* that it is extremely 
dificult to evaluate what role trauma may play in initiation of this 
disease, because of the frequency with which the young child suffers 
minor traumatic incidents. It does seem in some cases that the traumatic 
episode may be etiologic, yet one always wonders whether it was not 
merely coincidental. The observed role of operations in precipitating 
theumatoid activity® is more difficult to attribute to a chance rela- 
tionship. 


Climate and Season 


The incidence of arthritis reportedly® is low in the tropics and much 
greater in temperate zones, particularly in relatively humid areas. 
There may be some seasonal variation in the incidence of recrudescences 
and initial attacks,® a greater number occurring in the early spring. 
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Heredity 


Heredity appears to play a significant role in predisposing to rheu- 
matoid disease. A positive family history for rheumatoid disease or 
even more commonly for one of the group of “rheumatic diseases” is 
obtained much more frequently than would be expected in the general 
population. Johnson and Dodd'* feel that a positive family history 
for rheumatic disease occurs “possibly in as high as 30 per cent of 
all cases.” A similar opinion was expressed by Coss.® In our own series 
a family history of arthritis was elicited in 30 per cent, a family history 
of rheumatic fever in 23 per cent and a family history of allergic dis- 
eases in 37 per cent of the patients. 

Stecher*? reviewed the evidence for hereditary factors in rheumatoid 
arthritis. He and his collaborators** analyzed the families of 224 pa- 
tients and those of 488 control subjects and found that 3 per cent of 
all relatives of patients were affected as compared with 0.6 per cent 
in the control series. Thus rheumatoid arthritis was found among 
relatives of affected persons five to six times as frequently as in the 
control population. Genetic analysis of these data permitted the con- 
clusion that 0.58 per cent of the population picked at random have 
this disease; since penetrance was about 50 per cent, approximately 
1.16 per cent of the population have the proper genetic constitution 
for the disease. In other words, about 12 per 1000 are susceptible to 
this disease and about 6 per 1000 are affected. These data, of course, 
apply to rheumatoid arthritis in general. The author is not aware of 
any similar study relating strictly to rheumatoid disease in children. 

Stecher quotes a study conducted in England?* which attempted to 
evaluate the role of various etiologic or conditioning factors in rheu- 
matoid arthritis. In this study 532 patients with rheumatoid arthritis 
were paired individually with a normal subject of the same sex, age 
and marital status. In these two groups of patients data were obtained 
regarding the age at onset, respiratory infections, dental infections, 
trauma, exposure to inclement weather, nutritional and hygienic en- 
vironment and many other factors. In this study no significant difference 
was noted between the two groups with regard to any of the factors 
studied except heredity. There was a significantly higher proportion 
of affected persons among the relatives of the group with rheumatoid 
arthritis than there was among the relatives of the control group. It 
seems from common observation as well as from these and other 
controlled studies that heredity does play a significant role in the eti- 
ology of rheumatoid arthritis. Little progress has been made in attempts 
to define the specific heritable metabolic characteristics responsible 
for the transmission of susceptibility to this disease. 
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CLINICAL FEATURES 


Children with rheumatoid disease may exhibit any of a variety of 
clinical manifestations of the disease. There is no uniformity of symp- 
toms, no “typical” disease pattern to which all or most patients adhere. 
The principal clinical symptoms in some children are related to severe 
and progressive joint involvement. In others, nonspecific systemic 
symptoms may dominate the clinical picture to the virtual exclusion of 
articular manifestations. In still others there may be a symptom com- 
plex which is intermediate between these two extremes, or rather 
which exhibits some of the characteristic features of each. 


Onset 


The onset of rheumatoid disease may occur at any age throughout 
childhood. In a group of 100 patients studied at the Universities of 
Minnesota and Utah" the onset of symptoms occurred before 7 years 
of age in 52 per cent and between 7 and 15 years of age in 48 per 
cent. Among this group of patients was one child who had the onset 
of fever and the appearance of the typical rash on the second day of 
life. This child proceeded over a period of months to develop typical 
rheumatoid disease with the eventual appearance of objective evidences 
of arthritis and final progression to classic joint deformity. 

The disease may begin suddenly with a severe episode of fever, rash 
and other systemic manifestations with little or no evidence of joint 
involvement; it may begin as an acute illness with severe joint involve- 
ment easily confused with an acute attack of rheumatic fever; or it 
may begin with the slow, indolent development of single or multiple 
joint involvement with little systemic symptomatology. The type of 
onset is to a considerable extent related to, although not entirely 
dependent upon, the age of the patient. 

We have chosen to subdivide children with rheumatoid disease into 
three groups according to the mode of onset of their symptoms. Those 
patients in whom the onset was with primarily systemic manifestations 
(fever, rash, hepatosplenomegaly, lymphadenopathy) have been con- 
sidered to have the “infantile” type. Those with primarily joint mani- 
festations and little systemic symptomatology have been considered to 
have the “adult” type; and those with some features of each of these 
have been designated as the “intermediate” type. Among our patients 
with the “infantile” type, 80 per cent had the onset of their illness at 
less than 7 years of age. Among those with the “intermediate” type, 
50 per cent, and among those with the “adult” type only 30 per cent 
of the children were less than 7 years of age at the time the illness 
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began. Thus in this series of patients there was a clear relation between 
the age of the patient and the type of onset exhibited. Patients with the 
“infantile” type most commonly had the onset of their illness before, 
and those with the “adult” type most commonly after, seven years 
of age, whereas patients with the “intermediate” type distributed 
themselves equally between the two age groups. It is important to 
remember, though, that a significant number of patients with the 
“adult” type were among the younger group and of those with the “in- 
fantile” type were among the older group. 


Joint Manifestations 


Regardless of the type of onset of juvenile rheumatoid disease, con- 
siderable joint involvement eventually occurs in most cases. For 
example, in our series of patients 97 per cent had arthralgia and 95 per 
cent had objective evidence of arthritis. 

Many patients, especially in the younger age group, exhibit only 
arthralgia with no objective evidences of arthritis for a considerable 
time after the onset of their illness. This may be unaccompanied by 
swelling, tenderness, redness or heat over the joint and may be both 
transitory and migratory. It may be manifested only by a limp or refusal 
of the patient to walk. The younger the child the more subtle are the 
evidences of arthralgia. Its existence may be detected on occasion by 
noticing the characteristic posture and facies of the child. The patient 
grimaces and has a worried facial expression, desires to be left alone, 
and often holds his hands clasped together to minimize the discom- 
fort. In bed he usually lies quietly on his back with all extremities 
flexed and avoids spontaneous movement. 

Often one of the earliest objective evidences of joint involvement is 
the manifestation of spindling of the fingers. This rarely is seen in any 
other childhood disease and therefore assumes considerable diagnostic 
significance. In many instances among the patients in our series this 
was the first, and at the time of diagnosis the only, objective evidence 
of joint involvement. In this group of patients the knee was the most 
commonly affected joint, 90 per cent of the patients having such 
involvement. Finger joints were involved in nearly three fourths of 
the patients, ankles and wrists each in almost two thirds of the 
patients. Other joints which were involved less frequently but in a 
significant fraction of the patients were elbows, hips, cervical spine, 
shoulders, feet and lumbar spine, in decreasing order of frequency. 
This order of frequency of joint involvement is in essential agreement 
with that observed by Johnson and Dodd.'* These authors presented, 
in addition, data concerning the frequency with which different joints 
were the site of the initial joint symptoms manifested by the patient. 
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The knee was the most common site of this initial involvement; next 
in order of frequency was the ankle, then the wrist. 


Fever 


Fever often is a prominent part of the clinical picture. The temperature 
curve may be a dramatic one, with rapid fluctuation in temperature 
and often with fever spikes as high as 104° to 105° F. The fever may 
persist for a long time and often appears at a time when the child 
has little other objective evidence of involvement. Thus it may cause 
much confusion and concern. Usually such patients are studied with 
a great variety of diagnostic tests in an attempt to identify infection. 
In the patient with rheumatoid disease the results of these tests in- 
variably are negative and the child often is considered to have a “fever 
of unknown origin.” A spiking temperature curve of this type in a 
patient who acts considerably less ill than would be suspected from 
the degree of fever suggests the diagnosis of rheumatoid disease. Never- 
theless the diagnosis cannot be made on this basis alone. 

The consideration of an infectious etiology for the fever often is 
given credence by the fact that the white blood cell count is elevated. 
In the series of patients studied by our group, 33 per cent of the patients 
at one time or another had leukocyte counts in the range of 12,000 
to 25,000; 11 per cent in the range of 25,000 to 50,000; and 3 per cent 
greater than 50,000. All these patients were studied with bacteriologic, 
serologic and skin-test techniques, with regularly negative results. 


Rash 


Especially helpful in the diagnosis when it is observed is the typical 
rash of rheumatoid disease. This is an evanescent rash which usually 
appears suddenly with the occurrence of fever and disappears rapidly 
as the fever subsides. It may persist for weeks or even months, but 
even when it does the individual lesions are transitory. If one circum- 
scribes the lesions with a skin-marking pencil, he may return to the 
patient’s bedside within a few minutes to find a rash which does not 
appear to be changed in intensity or general distribution, but to 
observe that most of the lesions no longer coincide with the areas 
previously circumscribed. The primary lesions are small, discrete 
macules, salmon-pink with pale centers. These macules frequently 
coalesce to form a blotchy-appearing rash. This rash easily may be and 
often has been confused with the erythema multiforme rash seen in 
theumatic fever and other diseases; however, the experienced observer 
should have little difficulty in recognizing it as the typical rash of 
theumatoid disease. 
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Lymphatic Hypertrophy 


Lymphadenopathy, splenomegaly and hepatomegaly occur with con- 
siderable frequency in children with rheumatoid disease. In some 
patients they constitute a prominent feature of the disease. They are 
by no means uniformly present, however, and their absence does not 
negate the diagnosis. In our series lymphadenopathy, splenomegaly 
and hepatomegaly each occurred in approximately one third of the 
patients; however, approximately half of the patients had none of 
the three. These observations are in general agreement with those 
of previous authors.*:* '* There appears to be a common misconcep- 
tion among some pediatricians that juvenile rheumatoid disease should 
not be considered a diagnosis in the absence of evidence of lymphatic 
hypertrophy. It seems important to emphasize the invalidity of this 
concept. 


Abdominal Pain 


Abdominal pain is a relatively common symptom in children with 
theumatoid disease. This may be of such severity and acute onset as 
to mimic acute appendicitis or other abdominal surgical emergency or 
may be chronic and less severe. The pediatrician should be aware 
of the frequency with which this symptom occurs in patients with 
theumatoid disease, as well as in rheumatic fever and other related 
diseases, in order that unnecessary operation may be avoided. When 
operation is performed in these patients, little is found to explain the 
symptoms. The mesenteric nodes often are somewhat enlarged, and 
in some instances convincing evidence of mesenteric adenitis exists, 
but often this is not convincing. One must remember that the patient 
with rheumatoid disease is not immune to appendicitis or other ab- 
dominal conditions which require emergency surgical treatment. In 
each instance the decision to resort to or refrain from surgical explora- 
tion should be made only after conscientious deliberation. 


Cardiac Manifestations 


In some patients with rheumatoid disease cardiac involvement may 
constitute a major feature of the disease. In such patients the symp- 
toms may resemble those in acute rheumatic fever so strikingly that 
considerable confusion results and recognition of the correct diagnosis 
is delayed. Cardiac lesions actually account for a significant proportion 
of the fatalities in rheumatoid disease.’ 1*: 1%: 3 Unless death ensues 
during the acute episode, the cardiac abnormalities usually gradually 
disappear and the ultimate prognosis is good. 
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Pericardial, myocardial and endocardial involvement may occur, and 
adhesive pericarditis is a frequent finding in autopsy cases.” '* Among 
the patients in our series systolic murmurs of grade II intensity were 
heard not infrequently during the toxic phase of the disease. Tachy- 
cardia and nonspecific electrocardiographic changes, usually inversion 
of T-2 and T-3 and slight prolongation of the P-R and Q-T intervals, 
were not uncommon but transient findings. 


Pulmonary Manifestations 


Pulmonary complications constitute the most common cause of death 
in rheumatoid disease.!:1* Pneumonia has been encountered most 
frequently, but other pulmonary diseases, including embolism, bron- 
chiectasis, tuberculosis and fat embolism, also have been implicated. 
Patients with rheumatoid disease often may have severe symptoms and 
signs suggesting pleuritic or parenchymal pulmonary involvement; 
frequently, however, roentgenologic findings lend little support to the 
clinical observations. Roentgenograms may reveal widespread reticu- 
lated, mottled infiltration simulating miliary tuberculosis or Boeck’s 
sarcoid.”: 11 These lesions only gradually resolve and may persist for 
many months. Two patients who died™ were found at autopsy to 
have an interstitial pneumonitis with prominent evidence of fibrinoid 
necrosis between the lung alveoli. 


Nodules 


Nodules identical with those which occur in adult rheumatoid ar- 
thritis patients are seen occasionally in juvenile patients with rheu- 
matoid disease, but this is not a usual finding in children with this 
disease. In our series nodules were observed in about 10 per cent of 
the patients. 


LABORATORY FEATURES 


Unfortunately there are no laboratory features of rheumatoid disease 
which are diagnostic. The various laboratory studies usually done in 
these patients are of limited value in differentiating this from other 
diseases because either the tests are so nonspecific or the results are 
so variable among different patients with this disease. This does not 
mean that laboratory procedures in these patients are worthless; it 
merely emphasizes the fact that the physician cannot rely upon the 
laboratory to diagnose this disease for him, but must make the diagnosis 
by a synthesis of the observed clinical and laboratory data. 
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Anemia 


A frequent concomitant of rheumatoid disease in childhood is the 
occurrence of a modest anemia with hemoglobin values in the range 
of 8 to 11 gm. per 100 ml. This is a common finding in all patients 
with connective tissue disease and is reported to occur in approxi- 
mately 20 per cent of adult patients with rheumatoid arthritis. The 
anemia of rheumatoid disease usually is not severe, but occasionally 
it may be and may constitute a major problem in the management of 
the patient’s disease. In our own series of patients we have encountered 
no instances of profound anemia, but we have observed hemoglobin 
values below 10 gm. per 100 ml. in approximately one third of the 
patients. 

The cause of the anemia in rheumatoid disease is not understood 
completely. It appears that the genesis of this anemia may be a com- 
bination of two factors.1® One of these is a decrease in the life span 
of the red blood cell, and the other a failure of the bone marrow to 
respond to the stimulus for red cell production furnished by the anemia. 
There is a disturbance of iron metabolism in rheumatoid arthritis 
which results in low serum iron concentration and mild hypochromia 
of the red cells. However, the anemia hardly can be attributed to iron 
deficiency since, in contrast to classic iron deficiency anemia, the 
anemia of rheumatoid disease responds equivocally if at all to the ad- 
ministration of iron. The only therapy which has seemed to produce 
a consistent erythropoietic response in patients with rheumatoid dis- 
ease is the administration of cortisone. 


White Blood Cell Count 


Leukocytosis often is seen in rheumatoid disease in children, yet this 
is not a consistent finding. Actually, leukopenia (less than 6000 white 
blood cells per cubic millimeter) was observed in some 15 per cent 
of the patients in our series. On the other hand, modest elevations in 
white blood cell counts were common, and even extreme leukocytosis 
was not rare. Thus 10 patients at one time or another had leukocytosis 
in the range of 25,000 to 50,000 cells per cubic millimeter, and 3 
patients had leukocytosis of more than 50,000 cells. 


Acute-Phase Substances 


The erythrocyte sedimentation rate is elevated almost uniformly in 
children with rheumatoid disease. In our series the initial determina- 
tion of sedimentation rate revealed elevated values in 95 per cent. Often 
the erythrocyte sedimentation rate values are elevated only to 30 to 
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40 mm. per hour. Similarly, the serum mucoproteins are uniformly 
higher than normal in these patients, as are the other acute-phase 
substances (e.g. nonglucosamine polysaccharides, hexosamines, and 
so forth). C-reactive protein values often are 1+ or 2+ and even may 
be 4+ in the acutely ill patient. 


Serum Proteins 


Characteristic changes in serum proteins often are found in patients 
with rheumatoid disease. These changes are nonspecific and do not 
differ appreciably from those observed in other connective tissue dis- 
eases. Despite the poor nutritional state of many patients with this 
disease, the total serum protein values often are high. This elevation 
is attributable primarily to an increase in globulins, generally in gamma 
globulin. Reversal of the albumin-globulin ratio may occur, but seldom 
is observed except in the profoundly ill patient. Actual reversal of 
this ratio in the patient who is only moderately ill should lead the 
physician to some skepticism about the diagnosis of rheumatoid dis- 
ease and make him consider the possibility that he is dealing with 
lupus erythematosus. ‘Those patients with gross abnormalities in serum 
protein distribution commonly also may have abnormal cephalin- 
cholesterol flocculation and thymol turbidity tests. The significance 
of these abnormalities in liver function tests is questionable, since 
they simply may reflect abnormal distribution of serum proteins. 


Antistreptolysin-O Titers 


Determination of antistreptolysin-O titers may provide some valuable 
information for the diagnosis of rheumatoid disease. Considerable 
difference of opinion as to the frequency with which elevated antistrep- 
tolysin-O titers occur in patients with rheumatoid disease has been 
expressed in the literature. In our own series elevated titers were en- 
countered not uncommonly; approximately 20 per cent of the patients 
in whom the test was done had titers of greater than 250 Todd units. 
It seems apparent that there is no consistent elevation of antistrep- 
tolysin-O titers in patients with rheumatoid disease; conversely, the 
presence of even exceptionally high titers does not negate this diagnosis. 


Serologic Tests 


The capacity of the serum of patients with rheumatoid arthritis to 
agglutinate sensitized particulate bodies, including bacteria, erythro- 
cytes, collodion particles and latex particles, has been studied ex: 
tensively; from these studies there have resulted several tests with some 
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specificity for rheumatoid arthritis.** Unfortunately, those that are 
suitable for routine clinical use only infrequently are positive in chil- 
dren with rheumatoid disease.*: + 1° 4% The younger the child the 
less likely is he to exhibit a positive test.2 The recent demonstration” 
that by using a highly specialized technique, unsuitable for routine 
clinical use, positive results are obtained in most patients who had 
the onset of their rheumatoid disease during childhood is important 
in establishing the close relation between juvenile and adult forms of 
rheumatoid arthritis; however, this does not alter the previous evalua- 
tion of the clinical usefulness of the agglutination tests in children. 
Seldom do these tests contribute significantly toward establishing the 
diagnosis of rheumatoid disease in childhood. 


Roentgenograms 


Roentgenologic examination usually proves to be of little value in the 
early diagnosis of rheumatoid disease. In most cases the diagnosis is 
obvious clinically before confirmatory roentgenographic changes are 
observed. These consist of soft tissue swelling, some narrowing of 
joint spaces, decalcification, and finally bony ankylosis. Generalized 
osteoporosis and especially localized areas of decalcification are charac- 
teristic and may occur early in the disease. However, these changes 
may be caused by a variety of other disease processes and contribute 
little toward differential diagnosis. Soft tissue swelling often can be 
demonstrated early in the course of rheumatoid disease, but usually 
this finding only confirms the clinical observation. The principal value 
of roentgenographic study in children with rheumatoid disease is in 
evaluating the progress of the disease by repeated examinations. 


Synovial Fluid 


Study of the synovial fluid occasionally provides valuable information 
in the diagnosis of rheumatoid disease in those children in whom 
articular involvement is evident. Especially is this true in the patient 
with monarticular arthritis in whom traumatic arthritis may be a 
significant differential diagnostic consideration.'*:* In traumatic ar- 
thritis the synovial fluid usually is normal, whereas in rheumatoid 
disease it is cloudy, forms a clot, and has increased cell count, protein 
and sugar. In patients with traumatic arthritis, as in normal subjects, 
the addition of 2 to 3 drops of glacial acetic acid to 10 cc. of synovial 
fluid results in the formation of a stringy mucin precipitate with 
clear fluid between strands; in patients with rheumatoid disease the 
precipitate is cloudy or milky in appearance and no ropelike strands 
are formed. 
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DIAGNOSIS 


Early diagnosis of rheumatoid disease in the child is of great im- 
portance to his physical welfare and the financial welfare of his family. 
Failure to recognize this disease until it presents the full-blown, classic 
picture may mean many months or even years of unnecessary in- 
validism for the child, not to mention the expense and discomfort 
occasioned by prolonged and repeated diagnostic studies. 

It is important to emphasize the fact that juvenile rheumatoid dis- 
ease is a syndrome of varied manifestations for which there is no 
specific diagnostic test and no acceptable standard set of diagnostic 
criteria. The patient may present himself with any one of several 
classic clinical pictures. Accurate, and especially early, identification 
of this disease is a real challenge to the physician’s diagnostic acumen; 
it is dependent upon his thorough knowledge of the protean mani- 
festations of the disease and his ability to assess accurately the great 
variety of symptoms and signs which the patient may exhibit. 

Many physicians have made the error of attempting to apply the 
criteria adopted by the American Rheumatism Association*! for the 
diagnosis of rheumatoid arthritis to the diagnosis of rheumatoid disease 
in children. These criteria, advanced for the diagnosis of adult rheu- 
matoid arthritis, have little or no relevance to diagnosis of the disease 
in children. They were established by statistical consideration of a 
large number of adult rheumatoid patients; no attempt was made by 
the committee that established them to include children in their 
evaluation, or to propose these criteria for the diagnosis of rheumatoid 
disease in the juvenile patient. However, the original intent of the 
committee has not been followed in clinical practice by many who 
see children in whom rheumatoid disease is suspected. The reluctance 
on the part of these physicians to make the diagnosis of rheumatoid 
disease until these criteria have been fulfilled results inevitably in 
prolonged delay in recognizing this disease in children. Especially in 
the patient with the “infantile” type of onset, many months or even 
several years may elapse before sufficient manifestations are evident 
to make the diagnosis on this basis. It is the obligation of the pedi- 
atrician to be aware of this problem in the application of these diag- 
nostic criteria so that he may protect his patients against unnecessary 
and harmful delay in establishing the diagnosis of rheumatoid disease. 


DIFFERENTIAL DIAGNOSIS 


In the differential diagnosis of rheumatoid disease many diseases must 
be considered. Since the manifestations of rheumatoid disease in chil- 
dren are so variable, conditions which must be considered in the 
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differential diagnosis may differ remarkably from one patient to 
the next, depending upon the particular manifestations of the disease 
which are prominent in the individual patient. Thus in some instances 
the principal emphasis must be on differentiation from diseases which 
primarily involve joints. In other instances the differentiation must be 
from diseases which cause septic fever, rash and related systemic 
manifestations; and in still other instances the differentiation must 
be made from diseases which cause primarily cardiac manifestations. 

In certain patients with rheumatoid disease, especially among the 
younger age group, rather extensive study often is required to eliminate 
consideration of a generalized infection. Awareness of the importance 
and frequency of systemic manifestations in the early course of rheu- 
matoid disease before there is any obvious joint involvement may 
permit the physician to make this diagnosis his primary consideration 
in patients with this type of onset; the diagnosis of rheumatoid disease 
need not be made only by exclusion. On the other hand, it would be 
unwise to fail to give serious consideration to generalized systemic 
infections which might produce a similar clinical picture. 

One of the errors most frequently made in the diagnosis of rheuma- 
toid disease in children is to consider mistakenly that the patient has 
rheumatic fever. In certain patients with rheumatoid disease the initial 
episode at the onset of their illness closely mimics that which occurs 
in an acute attack of rheumatic fever; these two diseases may be 
extremely difficult to differentiate on occasion. Sometimes it may be 
impossible to determine which of these disease processes one is dealing 
with until the patient has been under observation for a considerable 
time. 

Other “rheumatic” diseases in children also may be confused with 
theumatoid disease. In the following discussion some of the important 
points to be considered in differentiating rheumatoid disease from 
theumatic fever, disseminated lupus erythematosus, periarteritis nodosa, 
scleroderma, dermatomyositis and anaphylactoid purpura will be con- 
sidered. 

In rheumatoid disease the typical fever pattern is of a septic type 
with daily temperature peaks which often are in the range of 104°, 
and not infrequently 105° to 106° F. The minimum temperature each 
day usually is considerably above normal, often in the range of 102°. 
This fever pattern continues for many days or weeks and sometimes 
even months. In acute rheumatic fever the daily maximum tempera- 
ture ordinarily is not as high as in rheumatoid disease, usually being 
in the range of 102° to 103°. The temperature remains in this range 
for only the first few days of illness, then gradually subsides to a 
modest elevation of 99° to 100°. Slight elevations such as the latter 
may persist for considerable periods of time. In lupus erythematosus 
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the temperature curve may be much like that in rheumatoid disease, 
or in some instances fever may not be a prominent characteristic of 
the disease. In periarteritis nodosa, during an acute episode, the tem- 
perature curve is more likely to resemble that in acute rheumatic fever 
rather than that in rheumatoid disease. In scleroderma, dermatomyositis 
and anaphylactoid purpura, extreme elevations of temperature are not 
a characteristic feature of the usual illness. 

The joint manifestations often are important in making the differ- 
ential diagnosis among this group of diseases. In rheumatoid disease, 
arthritis is indolent and nonmigratory. Early in the course of this 
disease it often involves only one joint. If there is bilateral joint in- 
volvement, this is likely to be symmetrical. On the other hand, in 
rheumatic fever, polyarthritis which is migratory is the rule. Either 
ome or several joints may be involved at the same time, but it is unusual 
for one joint to remain involved for many consecutive days without 
evidence of arthritic involvement in other joints. When bilateral joint 
involvement occurs, it tends to be unsymmetrical as opposed to the 
tendency for symmetrical bilateral involvement in rheumatoid disease 
(i.e. in rheumatic fever there is more likely to be involvement of one 
knee and the opposite ankle, whereas in rheumatoid disease there is 
more likely to be bilateral knee involvement, or bilateral ankle in- 
volvement). ‘The most characteristic difference between the arthritis 
of rheumatic fever and that of rheumatoid disease is that no permanent 
joint deformity ever results in rheumatic fever, whereas this is a 
common occurrence in rheumatoid disease. This point of difference, 
of course, is of little value in making the differential diagnosis early in 
the course of the disease, but it provides conclusive evidence on which 
to make this differentiation later. In lupus erythematosus, often only 
arthralgia is present in a joint, constantly or intermittently, for a long 
time before discrete evidence of arthritis appears. Usually the appear- 
ance of joint deformity occurs much later than in rheumatoid disease. 
A history of several years’ involvement of the same joint in the absence 
of deformity of that joint should lead one to suspect this diagnosis. In 
periarteritis nodosa and in anaphylactoid purpura if there is joint 
involvement, it is likely to mimic that in rheumatic fever. In anaphy- 
lactoid purpura there usually is only arthralgia, not arthritis. Occasion- 
ally, however, arthritis may be severe and even may cause permanent 
joint deformity. In scleroderma and dermatomyositis the joint involve- 
ment often is attributable to changes in the surrounding tissue, al- 
though objective joint abnormalities may occur. 

Skin manifestations may be important in making the differential 
diagnosis among this group of diseases. The typical rash of rheumatoid 
disease has been described. In rheumatic fever skin manifestations 
often occur; those commonly seen are erythema multiforme, erythema 
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nodosum and erythema marginatum. In lupus erythematosus about 
two thirds of the patients have an erythematous rash. The classic 
“butterfly” rash usually occurs only as a rather late manifestation of 
this disease, and its absence should not be construed as evidence 
against the diagnosis of lupus erythematosus. Some patients with lupus 
erythematosus have remarkable photosensitivity, but this also is an 
inconsistent finding. In patients with periarteritis nodosa skin mani- 
festations consisting of erythema, purpuric lesions or maculopapular 
lesions are common. In scleroderma the edema, induration and atrophy 
constitute a prominent feature of the disease and are uniformly present. 
In dermatomyositis characteristic skin manifestations are commonly 
observed. These consist of a conspicuous violaceous erythema and often 
hypertrichosis. In anaphylactoid purpura there is an erythematous, 
maculopapular rash which may be hemorrhagic and which is more 
prominent on the buttocks and lower extremities. Raynaud’s phenom- 
enon occurs frequently in scleroderma, somewhat less frequently in 
dermatomyositis and lupus erythematosus, and only occasionally in 
periarteritis nodosa and in rheumatoid arthritis. 

Cardiac manifestations may be helpful in differentiating these dis- 
eases. Clear evidence of valvular involvement rarely is observed in 
rheumatoid disease, but commonly is a characteristic of rheumatic 
fever. In lupus erythematosus 30 to 50 per cent of the patients have 
evidence of cardiac involvement with pericarditis, endocarditis and 
myocarditis. In periarteritis nodosa the patient may have pericarditis, 
valvular disease or coronary artery involvement. The electrocardiogram 
is abnormal in a majority of patients with this disease. In scleroderma 
myocardial involvement is commonly a rather late manifestation of 
the disease. When this occurs, the electrocardiogram is abnormal with 
delayed conduction. In dermatomyositis and anaphylactoid purpura 
cardiac involvement is rare. Hypertension occurs commonly in_peri- 
arteritis nodosa, less commonly in lupus erythematosus, and only 
rarely in the other diseases of this group. 

Renal involvement in rheumatoid disease is most commonly at- 
tributable to secondary amyloidosis. On the other hand, it occurs as a 
primary manifestation of the disease in patients with lupus erythemato- 
sus, anaphylactoid purpura and periarteritis nodosa, and occasionally is 
seen in scleroderma and dermatomyositis. In anaphylactoid purpura 
almost all patients have albuminuria and hematuria. 

Splenomegaly occurs in perhaps one third to one half of children 
with rheumatoid disease, in one fourth of patients with lupus erythema- 
tosus and in a somewhat smaller fraction of those with periarteritis 
nodosa. It occurs rarely in patients with dermatomyositis, scleroderma 
or dnaphylactoid purpura, and its presence almost eliminates rheumatic 
fever as a diagnostic consideration. Lymphadenopathy occurs frequently 
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in patients with rheumatoid disease and lupus erythematosus; significant 
lymphadenopathy in the other diseases among this group is uncommon. 

Anemia is a common finding in rheumatoid disease as well as in the 
other diseases of this group, except dermatomyositis and anaphylactoid 
purpura, in which it occurs only occasionally. Either leukocytosis or 
leukopenia may occur in rheumatoid disease; as mentioned earlier, the 
leukocytosis may be extreme. In rheumatic fever a modest leukocytosis 
may occur during the early phase of the disease; however, the white 
blood cell count seldom exceeds 17,000 to 18,000 per cubic millimeter. 
Lupus erythematosus is characterized by the presence of leukopenia. 
Nearly two thirds of the patients with this disease can be expected to 
exhibit a white blood cell count of less than 5000 at some time during 
their illness. Eosinophilia occurs commonly in periarteritis nodosa and 
in dermatomyositis. Significant eosinophilia should lead one to con- 
sider these conditions seriously in the differential diagnosis. 

Other conditions which must be considered on occasion in the differ- 
ential diagnosis of rheumatoid disease in children include traumatic or 
infectious arthritis, tuberculosis of the knee or other joints, leukemia, 
the reticuloendothelioses, Hodgkin’s disease, brucellosis, sepsis and other 
generalized systemic infections. 


COURSE AND PROGNOSIS 


The course of rheumatoid disease in children is extremely variable. The 
fortunate patients, after an acute episode of rheumatoid disease, may 
have remission with apparently complete recovery and no residua. 
Much more commonly, the patient who does have a remission later 
will have exacerbations, the disease progressing to a deforming arthritis. 
In many instances the disease is relentlessly progressive and persistent 
from the time of its initial onset. In some instances death occurs early 
after the onset of the initial symptoms. Those patients who do expire, 
die because of the systemic rather than the articular manifestations of 
the disease; thus the deaths most commonly are attributable to cardiac, 
pulmonary or encephalitic components of the disease. 

The concept that rheumatoid disease in childhood is a self-limited 
disease is no longer tenable. This concept was propounded by Colver,® 
who stated that in his series of cases the duration of active disease was 
never more than seven years. He felt that one could predict with cer- 
tainty the cessation of disease activity within this maximum period. 
This has not been the impression of many other authors,1 7: 18 23, 25 g]- 
though in the experience of all these observers many patients with this 
disease do have spontaneous remissions and about 40 per cent of the 
patients do not have continuing disease or incapacitating deformity. 
The remainder of the survivors have moderate to completely incapaci- 
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tating disabilities. Furthermore, some recent reports indicate that not 
only may activity persist for many years, but also that patients who 
have had rheumatoid disease as children, after many years of inactivity 
of the disease process, again may exhibit severe symptoms.® ** In the 
large series of patients reported by Edstrém!'® the active phase of the 
disease lasted on the average from two to three years in those patients 
who later became symptom-free. If the active phase was longer than 
this, the prognosis for eventual function was poor. 


THERAPY 


In the preceding sections an attempt has been made to emphasize some 
of the cardinal features of rheumatoid disease in childhood. It is ap- 
parent that this is a disease of unknown etiology characterized by its 
chronicity and its protean manifestations. Many organ systems may be 
involved in patients with this disease, but for practical purposes the 
manifestations may be considered to fall into one of two classes, articu- 
lar or systemic. The course of the disease is variable. Prognosis for life 
is dependent upon the severity and course of the systemic manifesta- 
tions of the disease, prognosis for eventual function upon the severity 
and course of the articular manifestations. 

Rational therapy for this disease must be based upon an understand- 
ing of the disease process and must take all these factors into consider- 
ation. In such a protean disease, therapy must meet the need in each 
patient. It is the physician’s obligation to use not only those measures 
that will minimize the danger of death during the acute episode and 
the extent of eventual residual joint deformity, but also those that will 
decrease morbidity, preserve adequate nutrition, and favor normal physi- 
cal, intellectual and emotional development. Rest, proper diet, physical 
therapy, occupational therapy, psychotherapy and counciling, and reme- 
dial teaching all may play significant roles in therapy of this disease. 
In selected patients each of these may represent the one most impor- 
tant aspect of therapy. When specifically indicated, orthopedic surgical 
procedures, therapy of heart failure, blood transfusion for severe anemia, 
or treatment of intercurrent infection or of other complications of the 
disease may be the most important feature of therapy. In certain pa- 
tients drug therapy has little or nothing to offer; in others this may be 
the cornerstone of the entire therapeutic program. 

Among the great variety of drugs that have been advocated for use 
in therapy of rheumatoid disease only a few are considered useful today. 
These include salicylates, gold preparations, phenylbutazone, and adre- 
nocorticosteroids and their synthetic analogues. None of these is the 
ideal therapeutic agent in this disease, since all provide only nonspecific, 
symptomatic therapy, and each may produce serious untoward effects. 
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There is no uniformity of opinion as to the relative efficacy of these 
drugs in therapy of rheumatoid disease in children. Unfortunately, most 
of the studies which have been done to attempt to evaluate these agents 
have used adult patients. It hardly seems appropriate to use the data 
obtained from such studies as the basis for deciding upon the type of 
therapy to be used in patients with the juvenile form of the disease, 
which differs radically in many respects from adult rheumatoid arthritis. 

Salicylate therapy has been used for many years. Its value in adult 
rheumatoid arthritis has been stressed by numerous authors. However, 
the present author is in accord with opinions expressed by others’ 1: 18 
that its value in juvenile rheumatoid disease is limited, especially in 
patients in whom systemic manifestations are a prominent feature of 
the disease. There is little evidence to suggest that the salicylates exert 
other than an analgesic effect. Nevertheless, in the patient with the 
“adult” type of disease, with primarily articular manifestations, salicyl- 
ates may be useful. 

Gold therapy for rheumatoid disease in children has been abandoned 
in most centers. The effectiveness of this type of therapy has been 
questioned seriously by several groups of investigators,’ 1° °7 $4 and seri- 
ous toxic reactions are not uncommon.”: 7°: 34 Edstrém, in a series of 85 
patients with juvenile rheumatoid disease, 62 of whom received chryso- 
therapy, could demonstrate no difference between the results in the 
patients who received gold therapy and those who received salicylates. 

Phenylbutazone therapy has not been evaluated completely in juve- 
nile rheumatoid disease, although numerous studies of this drug have 
been carried out in adults.'® 8 It has been demonstrated to be an effec- 
tive anti-inflammatory agent?! 6. °8 which produces good analgesic and 
antipyretic effects, decreases the evidences of acute arthritic involve- 
ment in joints, increases joint mobility, and even causes the disappear- 
ance of nodules. Some authors!” 1® have expressed optimism about the 
use of phenylbutazone in children with rheumatoid disease. The princi- 
pal objection to its use lies in its toxicity,” *%- °° which may be severe 
and not uncommonly has been fatal. This has given rise to considerable 
hesitancy about using this drug in children, although it is the opinion 
of some’ that doses lower than those originally recommended may 
produce adequate therapeutic results without unduly endangering the 
patient. 

Adrenocorticosteroids and their synthetic analogues have been used 
widely in children with rheumatoid disease during the past 11 years. 
There still remains considerable disagreement, however, as to the exact 
definition of the role which these agents should play in the therapy of 
this disease. Numerous reports have substantiated the original observa- 
tions not only that therapy with these drugs exerts a dramatic effect 
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on articular manifestations of this disease, but also that nonarticular 
features such as subcutaneous nodules, enlarged lymph nodes, bursitis 
and tenovaginitis tend to improve or disappear along with the subsi- 
dence of joint manifestations. Constitutional symptoms improve rapidly; 
appetite improves, and with this there are increases in food consump- 
tion, in weight, and in general strength and endurance. Fever usually 
disappears rapidly. Unfortunately, however, these beneficial effects or- 
dinarily persist only as long as the medication is continued. 

Reluctance to use steroids!* '* is based primarily on the fear of severe 
untoward reactions which have been observed.1*: 1* 2°, 35, 36, 41, 42 "This 
does constitute a serious contraindication to their use; however, many 
of the hazards of therapy with these drugs can be minimized if proper 
precautions are taken to give the minimum effective dose, for careful 
tapering of dose rather than sudden discontinuation of therapy, careful 
selection of patients for therapy, and fastidious supervision of the patient 
while he is receiving therapy.” 14: 17. 1% 36 

Edstrém’° recently reported the results obtained with steroid therapy 
in 53 cases of rheumatoid disease in children. In his experience the use 
of hormones has not achieved any improvement in the late results of 
therapy except in those patients with predominantly systemic mani- 
festations of the disease. In these latter this type of therapy has im- 
proved the prognosis remarkably. This evaluation is based strictly upon 
the final functional status of the patient and has not taken into account 
such factors as duration and degree of morbidity. Other authors!*: '* 
have stressed the value of steroids in patients with severe systemic mani- 
festations, patients who otherwise could not tolerate physical therapy, 
and in patients with major arthritic symptoms for preservation of joint 
mobility and prevention of contractures. 

In the author’s opinion, although by no means all children with 
rheumatoid disease should receive steroid therapy, these drugs are of 
teal value in selected patients. It has been the experience in our clinic 
that in those patients who have been seen early in the course of their 
disease and maintained constantly on steroid medication in small doses 
the development of severe joint deformity has been prevented or at least 
postponed. Even if future evaluation reveals that the final result is not 
improved, the postponement of deformity is of great importance to the 
physical, emotional and intellectual development of the child. It has 
been our impression that perhaps the greatest contribution which steroid 
therapy makes to the physical welfare of the child, aside from its value 
for treatment of the severe systemic manifestations of rheumatoid dis- 
ease, is in the patient who is enabled to tolerate physical therapy and 
increased activity by its use. If this can be accomplished by giving small 
maintenance doses of steroids, the child can be allowed to lead a 
reasonably normal existence for his age without being subjected to pro- 
hibitive danger of suffering untoward effects. 
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CUMULATIVE INDEX 


February-May 


Page numbers of symposium and clinic titles are given in boldface type. 


ABDOMEN, pain in, Feb., 54 
in rheumatoid disease, May, 442 
Abnormalities, skeletal, Feb., 168-70 
Acceptance, adolescent’s need for, Feb., 
194 
Acetarsone in vaginal discharge, Feb., 51 
Acetazolamide in salicylate intoxication, 
May, 242 
Achievement limits in mental retardation, 
Feb., 162 
Acid-base equilibrium, disturbance of, in 
salicylate intoxication, May, 239 ff. 
Acne, psychologic aspects, Feb., 93, 94 
ACTH. See Adrenocorticotropic hor- 
mone. 
Activity. See also Exercise. 
thrill-seeking, vs. delinquency, Feb., 
99, 100 
A.D. agent or virus. See Adenoviruses. 
Adenoid degeneration agent. See Adeno- 
viruses. 
Adenoviruses, May, 296-303 
disease and, May, 297 
infections, May, 296-303 
acute respiratory disease, May, 299 
clinical manifestations, May, 299- 
302 
diagnosis, May, 302-303 
follicular conjunctivitis, May, 300 
pharyngitis, May, 299-300 
pharyngoconjunctival fever, 
299-300 
pneumonia, May, 301—302 
prevention, May, 302-303 
treatment, May, 302-303 
vaccine, May, 303 
Adolescence. See also Puberty. 
athletics in, relation to coronary dis- 
ease in adult life, Feb., 176-7 


May, 


Adolescence, biochemical events at, Feb., 

15-31 

definition, Feb., 43, 131-2 

delinquency in, etiology of, Feb., 97- 
114 

gynecology in, Feb., 43-63 

learning problems in, Feb., 115-30 

lengthening span of, Feb., 144 

mental retardation in, Feb., 147-64 

metabolic and nutritional considera- 
tions, Feb., 33—42 

peer problem in, Feb., 135-7 

psychology of, Feb., 65-83 

salient events, Feb., 16-22 

sociologic perspective on, Feb., 131— 
45 

symposium on, Feb., 1-226 
summary, Feb., 221-6 

Adolescent, and practitioner, Feb., 3-14 

antisocial or asocial, Feb., 97-114 

anxiety in, Feb., 80, 134, 135 

athletics and, Feb., 165-84 
cardiac aspects, Feb., 173-84 
orthopedic aspects, Feb., 165-72 
with abnormal heart, Feb., 178-80 

attitude towards religion, Feb., 73, 74 

basal metabolism in, Feb., 35-6 

committal to possibilities, Feb., 71 

capacity for change, Feb., 195 

clinical care, general principles, Feb., 
185—96 

concern, about death, Feb., 195 
about growth, Feb., 192 
about gynecomastia, Feb., 193 
about undescended testis, Feb., 193 

conflict of ego with reality, Feb., 71, 
72 

craving for sensation, Feb., 98 ff. 

desire for gratification, Feb., 101, 102 
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Adolescent, diabetes mellitus in, Feb., 
41 
dietary requirements in, Feb., 36-40 
effect of physical handicap on, Feb., 
194 
effect of surgery on, Feb., 95 
ego identity in, Feb., 86 
emotional problems, Feb., 134-5 
growth in, nature of, Feb., 35 
heterosexual relations, Feb., 139-41, 
142 
intergenerational problems, Feb., 137- 


manipulativeness, Feb., 103 
necessity for job future, Feb,, 70 
need, for acceptance, Feb., 194 
for authority, Feb., 14 
for independence, Feb., 106, 107 
for parental approval, Feb., 137, 
3 


for self-assertion, Feb., 71 
for success, Feb., 71 
for values, Feb., 79 
obesity in, Feb., 207-20 
pain in, Feb., 165 
plastic surgery in, Feb., 94 
psychology of physical illness in, Feb., 
85-96 
psychosomatic disorders in, Feb., 96 
reaction, to death, Feb., 90, 91, 95 
to handicaps, Feb., 91, 92 
rebellion in, Feb., 102 
role, in family, Feb., 68 
in school, Feb., 69 
sex and, Feb., 193, 194 
sex role, Feb., 68 
value scales, Feb., 70 
Adrenals. See also Adrenocorticotropic 
hormone. 
androgens, Feb., 15, 16 
estrogens, Feb., 16 
hyperplasia, congenital, Feb., 30 
virilizing, Feb., 29 
acquired, Feb., 29, 30 
corticosteroid excretion in, Feb., 
23 
postnatal, Feb., 30 
Adrenocorticosteroids in rheumatoid dis- 
ease, May, 453, 454 
Adrenocorticotropic hormone, Feb., 15 
in infantile spasms, May, 377, 378 
Adrenogenital syndrome, Feb., 55 
Advances, clinical, recent, symposium on, 
May, 233-456 
Agammaglobulinemia, May, 398-429 
acquired, May, 400, 401 
clinical investigation, May, 397-433 
congenital, May, 398, 399 
diagnosis, May, 401-404 


Agammaglobulinemia, immunoelectro- 
phoretic studies, May, 404-407 
immunologic defect, May, 407-408 
treatment, May, 427-9 
Aggressiveness in mental 
Feb., 154 

Albumin for cerebral edema in _barbit- 
urate intoxication, May, 244 

Allergy, delayed, in agammaglobulinemia, 
May, 422-3 

Amenorrhea, primary, Feb., 53-4 
secondary, Feb., 52-3 

Amino acids, determination, May, 349- 


retardation, 


metabolism, abnormalities of, May, 
334-6 
renal excretion, physiology of, May, 
336-8 
Amino-aciduria, May, 333-51 
generalized, May, 334 
in galactosemia, May, 324 
renal, May, 338 
generalized, May, 341-8 
pathologic, May, 338-48 
specific, May, 339-41 
types, May, 339 
Amino-butyric-aciduria, May, 341 
Aminophylline intoxication, May, 250 
Amphetamine intoxication, May, 246-7 
Androgens, adrenal, Feb., 15, 16 
testosterone propionate, in dysmenor- 
thea, Feb., 48 
Anemia in rheumatoid disease, May, 444 
Anesthesia, procaine, in renal biopsy, 
May, 355 
Ankle. See also Foot. 
sprain, Feb., 166 
Anomalies. See Abnormalities. 
Antibody, macroglobulin, May, 272-4 
natural, May, 284 
passively transferred, effect on immune 
response to diphtheria toxoid, May, 
288 
placental transmission, May, 288 
skin-sensitizing, May, 277 
Antigen, May, 270 
amount of, antigenicity and, May, 280 
chemical nature of, antigenicity and, 
May, 280 
immune response to, in agammaglobu- 
linemia, May, 408 
immunologic response to, in agamma- 
globulinemia, May, 409 
multiple, in single injection, 
281-2 
size of, antigenicity and, May, 279 
state of, antigenicity and, May, 280 
virus, response to, in agammaglobu- 
linemia, May, 408-10 


May, 











Antigen-antibody reaction, May, 270 
Antigenicity, adjuvant effects, May, 280- 
81 
factors affecting, May, 279-82 
Antistreptolysin-O titers in rheumatoid 
disease, May, 445 
Antitoxin reaction to diphtheria toxoid, 
May, 284 
Anxiety, due to schooi, Feb., 195 
in adolescents, Feb., 80, 134, 135 
in mental retardation, Feb., 155 
school failure due to, Feb., 121 
separation, in ulcerative colitis, Feb., 
205 
Aortic valve stenosis, athletics and, Feb., 
179 
Appearance, physical, mental retardation 
and, Feb., 153 
ARD. See Respiratory disease, acute. 
ARD virus. See Adenoviruses. 
Arginino-succinic-aciduria, May, 335-6 
Arteries, coronary, disease of, in adult life, 
relation of athletics in adolescence to, 
Feb., 176-7 
Athletics. See also Exercise. 
adolescent and, Feb., 165-84 
cardiac aspects, Feb., 173-84 
orthopedic aspects, Feb., 165-72 
relation to coronary disease in adult 
life, Feb., 176-7 
with abnormal heart, Feb., 178-80 
cardiac damage from, Feb., 177 
competition in, Feb., 174 
energy output, Feb., 174 
training in, Feb., 174, 175, 176 
Arthralgia in rheumatoid disease, May, 
440 
Arthritis, rheumatoid. See also Rheuma- 
toid disease, juvenile. 
in agammaglobulinemia, 
418 ff. 
Authoritarianism vs. authority, Feb., 9 
Authority, adolescents’ need for, Feb., 


May, 


need for, in physician-patient relation- 
ship, Feb., 6 
vs. authoritarianism, Feb., 9 


Back. See also Spine. 
round, adolescent, Feb., 170 
Bacteria, endotoxins, reactions to, in 
agammaglobulinemia, May, 414-16 
Bactericidins, concentration in agamma- 
globulinemia, May, 416-17 
Barbiturate intoxication, May, 242-5 
Basal metabolism in adolescence, Feb., 
35-6 
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BCG vaccination, tuberculin reaction 
after, May, 271 

Bed rest, undesirable effects, Feb., 183 

Behavior, adolescent, Feb., 132 
characteristics, in mental retardation, 

Feb., 153-7 

egocentric, in adolescents, Feb., 72 
sexual, in mental retardation, Feb., 155 
social, Feb., 132 

Bemegride in barbiturate intoxication, 
May, 244, 245 

Benzedrine. See Amphetamine. 

Bilirubin, May, 385 
conjugates, nonglucuronyl, May, 385 
conjugation, May, 384-5 
glucuronide, May, 384-5 
in kernicterus, May, 386, 387 

Biochemical events at adolescence, Feb., 
15-31 

Biologic factors in mental retardation, 
Feb., 151-3 

Biopsy, kidney, in renal disease, May, 
353-71 

Blood, acute phase reactions in agamma- 

globulinemia, May, 416-17 


cells, white, in rheumatoid disease, 
May, 444 
groups, and isoagglutinin titers in 


agammaglobulinemia, May, 403 
in galactosemia, May, 324-5 
plasma, alkaline phosphatase, Feb., 21 
17-ketosteroids in, Feb., 20 
serum, complement concentration in 
agammaglobulinemia, May, 416— 
17 
inorganic phosphorus in, Feb., 20 
proteins, in agammaglobulinemia, 
May, 402, 403 
in rheumatoid disease, May, 445 
tests, in rheumatoid disease, May, 
445-6 
transfusion, in 
May, 252 
Body image, environment and, Feb., 86 
Bones, abnormalities, Feb., 168-70 
marrow, abnormalities of, in agamma- 
globinemia, May, 411 
in agammaglobulinemia, May, 404 
plasmacyte content, in agamma- 
globulinemia, May, 413 
Brain, edema, in barbiturate intoxication, 
May, 244 
electroencephalography, in 
spasms, May, 374, 375 
injury, manifestations, in mental re- 
tardation, Feb., 156-7 
Breast, hypertrophy, adolescent’s concern 
about, Feb., 193 
lesions, Feb., 55 


drug intoxications, 


infantile 
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Bruise, stone, of heel, Feb., 170, 171 

Butabarbital sodium in dysmenorrhea, 
Feb., 47 

Butisol sodium. See Butabarbital sodium. 
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CA virus. See Para-influenza virus 2. 

Calcium requirements in adolescence, 
Feb., 38-40 

Calculi, cystine, May, 340 

Calories, requirements, in adolescence, 
Feb., 36-7 

Carcinoma as indication for operation in 
ulcerative colitis, Feb., 200 

Cardiac. See Heart. 

Cardiovascular collapse in barbiturate in- 
toxication, May, 243, 244 

Cardiovascular respiratory fitness, oxygen 
utilization and, Feb., 175 

Casts, adolescent’s reaction to, Feb., 91, 


CCA virus, May, 307-308 
Cells in immunologic response, May, 
270-72 
skin-sensitizing products, May, 277-8 
Cervix uteri. See Uterus, cervix. 
Change, adolescent’s capacity for, Feb., 
195 
Chimpanzee coryza agent. See CCA virus. 
Chloramphenicol intoxication, May, 
250-51 
Chloromycetin. See Chloramphenicol. 
Chlorpromazine, in amphetamine intox- 
ication, May, 247 
side reactions, May, 259 
Class, social, school failure due to, Feb., 
126, 127 
Climate, rheumatoid disease and, May, 
437 
Clinical advances, recent, symposium on, 
May, 233-456 
Clinical care of adolescents, general prin- 
ciples, Feb., 185-96 
Coe virus, May, 309-310 
Colectomy in ulcerative colitis, Feb., 202, 
206 
Colitis, ulcerative, Feb., 197-206 
Collagen diseases in agammaglobuline- 
mia, May, 418-22 
Community, values in, vs. home values, 
Feb., 112 
Compazine. See Prochlorperazine. 
Competition in athletics, Feb., 174 
Conflict, family, learning problems due 
to, Feb., 120, 121 
social class, delinquency due to, Feb., 
143 
Conjunctivitis, follicular, May, 300 


Control, lack of, in mental retardation, 
Feb., 154 
Contusion, muscle, Feb., 168 
stone bruise, of heel, Feb., 170, 171 
Convulsions due to phenothiazines, May, 
260, 261 
Coronary arteries, disease, in adult life, 
relation of athletics in adolescence to, 
Feb., 176-7 
Corticosteroids, excretion, Feb., 23 
Cortisone, in infantile spasms, May, 377, 
378 
in ulcerative colitis, Feb., 200 
puberty induced by, Feb., 24 
Group-associated virus. See Para-influenza 
virus 2. 
Culture, definition, Feb., 132 
learning and, Feb., 133 
Cystinosis, May, 346 
Cystinuria, May, 339, 340 
recessive, May, 340 


DanGER, physical, craving for, delin- 
quency due to, Feb., 99 
Death, adolescent’s reaction to, Feb., 90, 
91, 95, 195 
Dehydration, effect on drug levels, May, 
236 
Delinquency, juvenile, Feb., 76 
class conflict as cause of, Feb., 143 
etiology of, Feb., 97-114 
gang and, Feb., 107, 108 
in mental retardation, Feb., 156 
institutionalization for, Feb., 111, 
interaction of etiologic factors, Feb., 
108-10 
pediatrician and, Feb., 113 
sex as cause of, Feb., 143 
vs. thrill-seeking activity, Feb., 99, 
100 
Dependency in mental retardation, Feb., 
154 
Deprivation, learning problems due to, 
Feb., 129 
overdeprivation, delinquency due to, 
Feb., 104-108 
Dermatomyositis vs. rheumatoid disease, 
May, 449, 450, 451 
Detoxification mechanism, immaturity, 
in children, May, 235-6 
Devagan. See Acetarsone. 
Dexedrine. See Dextro-amphetamine. 
Dextro-amphetamine intoxication, May, 
246 
Dextrose solution in salicylate intoxica- 
tion, May, 241 








Diabetes mellitus, in adolescence, Feb., 


renal biopsy in, May, 367-9 
Diamox. See Acetazolamide. 
Diet. See also Food; Nutrition; Vitamin; 


etc. 
in obesity, Feb., 212, 213 
requirements, in adolescence, Feb., 
36-40 


Digitalis intoxication, May, 248-9 
Dimenhydrinate in dysmenorrhea, Feb., 
47 
Diphtheria, immunization, May, 289 
toxoid, antitoxin reaction to, May, 284 
immune response to, effect of pas- 
sively transferred antibody on, 
May, 288 
Dosage problems in drug administration, 
May, 237-8 
Dramamine. See Dimenhydrinate. 
Drugs, dosage problems, May, 237-8 
hypnotic, May, 257, 258 
intoxication, May, 235-55 
kernicterus and, May, 238 
response to, difficulties in evaluating, 
May, 237 
sedative, May, 257, 258 
tranquilizing, side reactions from, May, 
257-67 
Dysmenorrhea, Feb., 45-9 


Eatinc. See also Diet; Food; etc. 
illness and, Feb., 87, 88 
Edathamil in iron intoxication, May, 248 
Edema, cerebral. See Brain, edema. 
Edrisal in dysmenorrhea, Feb., 47 
Education. See also School. 
ideal of, Feb., 124 
progressive, Feb., 116 
subject matter, Feb., 116 
Effort syndrome, Feb., 176 
Ego, conflict with reality, in adolescents, 
Feb., 71, 72 
Ego identity in adolescents, Feb., 86 
EKC. See Keratoconjunctivitis, epidemic. 
Electroencephalography. See under Brain. 
Emesis. See Vomiting. 
Emotional problems, 
Feb., 134-5 
school failure due to, Feb., 118, 119 
Emotions, influence on nutritional state, 
Feb., 40-41 
Encephalitis, infectious, vs. 
zine toxicity, May, 263 
Endotoxins, bacterial, reactions to, in 
agammaglobulinemia, May, 414-16 
Energy output in athletics, Feb., 174 


of adolescence, 


phenothia- 
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Enovid, in dysmenorrhea, Feb., 48, 49 
in metrorrhagia, Feb., 50 
Environment, and body image, Feb., 86 
learning problems due to, Feb., 120, 
121 


vs. brain injury in mental retardation, 
Feb., 156, 157 
Enzyme activity of glucuronyl transferase, 
development, May, 381-2 
mechanism, May, 382 
Epilepsy, Feb., 54 
Epiphysis, diseases, Feb., 170-72 
femoral, slipped, Feb., 171, 172 
Epiphysitis, Feb., 170 
Equanil. See Meprobamate. 
Equilibrium, acid-base. See Acid-base 
equilibrium. 
Erythrocytes, sedimentation rate, in rheu- 
matoid disease, May, 444, 445 
Estrogens, adrenal, Feb., 16 
estrone sulfate, in amenorrhea, Feb., 
54 
in dysmenorrhea, Feb., 49 
excretion, Feb., 17, 18, 19 
Premarin, in oligomenorrhea, Feb., 51 
Estrone sulfate. See under Estrogens. 
Examination, gynecologic. See Gyneco- 
logic examination. 
Excretion mechanism, 
children, May, 235-6 
Exercise. See also Athletics; Effort. 
in dysmenorrhea, Feb., 47 
Extrapyramidal motor symptoms due to 
phenothiazines, May, 259, 260 


immaturity, in 


Famicy, adolescent’s role in, Feb., 68 
conflicts, learning problems due to, 
Feb., 120, 121 
Fanconi syndrome, May, 346 ff. 
Fat. See also Obesity. 
subcutaneous, Feb., 211 
Fatigue fracture, Feb., 166 
Femur, epiphysis, slipped, Feb., 171, 172 
Fever in rheumatoid disease, May, 441 
Fitness, physical, Feb., 175-6, 182 
Fluid, synovial, in rheumatoid disease, 
May, 446 
Follicle-stimulating hormone, Feb., 16 
Food. See also Diet; Nutrition; Vitamin; 
etc. 
intake, in obesity, Feb., 209, 210 
Foot. See also Ankle; Heel. 
abnormalities, congenital, Feb., 169, 
170 
flat, spastic, Feb., 170 
Fracture, fatigue, Feb., 166 
FSH. See Follicle-stimulating hormone. 
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GALACTOSE, qualitative identification, 
May, 325 
tolerance test, May, 325 
Galactose-l-phosphate, accumulation in 
galactosemia, May, 26 
Galactose-l-phosphate uridyl transferase, 
direct measurement, May, 317, 
326 
values, May, 318 
Galactosemia, May, 315-32 
biochemistry, May, 320-21 
clinical manifestations, May, 321-3 
general, May, 322 
etiology, May, 316-19 
genetics, May, 316-19 
laboratory observations, May, 323-6 
pathology, May, 319-20 
prognosis, May, 326—30 
signs and symptoms, May, 322-3 
treatment, May, 326-30 
effect on intellectual development, 
May, 329, 330 
Galactosuria in galactosemia, May, 323-4 
Gamma globulin, high-molecular-weight, 
May, 272-4 
in agammaglobulinemia, May, 428 
levels, in  agammaglobulinemia, 
May, 404 
low-molecular-weight, May, 274-7 
pooled, therapeutic use, May, 288, 
289 
Gang, delinquency and, Feb., 107, 108 
Gastric. See Stomach. 
Gilbert’s disease, May, 388-9 
Globulin, gamma. See Gamma globulin. 
Glomerulonephritis. See Neplhritis, glo- 
merular. 
Glucose in salicylate intoxication, May, 
241 
Glucose dehydrogenase, uridine diphos 
phate, May, 383-4 
Glucuronic acid, uridine diphosphate, 
May, 383 
beta-Glucuronidase, May, 384 
Glucuronide, bilirubin, May, 384-5 
Glucuronyl transferase, assay, May, 383 
biochemistry of, May, 381-3 
enzyme activity, development of, 
May, 381-2 
mechanism of, May, 382 
location and distribution in body, 
May, 382-3 
preparation, May, 383 
Glucuronyl transferase system, clinical 
considerations, May, 386-90 
congenital absence, May, 388 
detoxication activity, May, 390 
in newborn, May, 381-96 
Goiter, adolescent, Feb., 26, 27 


Gold therapy in rheumatoid disease, May, 
453 
Grafts, skin. See under Skin. 
Gratification, adolescent’s desire for, 
Feb., 101, 102 
overgratification, delinquency due to, 
Feb., 101-104 
Growth. See also Diet; Nutrition; etc. 
adolescent’s concern about, Feb., 192 
in adolescence, nature of, Feb., 35 
physical, effect on mental retardation, 
Feb., 151, 152 
Growth hormone. See Somatotropin. 
Gynecologic conditions in adolescents, 
Feb., 45 
Gynecologic examination, Feb., 44 
pelvic, Feb., 58, 59, 60 
Gynecology in adolescence, Feb., 43-63 
Gynecomastia, adolescent’s concern 


about, Feb., 193 


HA virus. See Para-influenza virus. 
Handicaps, adolescents’ reaction to, Feb., 
91, 92 
physical, effect on adolescent, Feb., 
194 
Hartnup syndrome, May, 341 
Heart. See also Arteries; Cardiovascular. 
abnormal, athletics and, Feb., 178-80 
abnormalities, cyanotic, athletics and, 
Feb., 179 
athletics and, Feb., 173-84 
damage from athletics, Feb., 177 
involvement in rheumatoid disease, 
May, 442-3 
Heel. See also Foot. 
stone bruise, Feb., 170, 171 
Hemadsorption virus 1. See Para-influ- 
enza virus 3. 
Hemadsorption virus 2. See Para-influ- 
enza virus 1. 
Hemagglutinating virus of Japan. See 
Para-influenza virus 1. 
Hematopoietic tissue, abnormalities of, 
in agammaglobulinemia, May, 411-14 
Hemodialysis in drug intoxications, May, 
252 
Henoch-Schoenlein purpura. See Purpura, 


anaphylactoid. 

Heredity, rheumatoid disease and, May, 
438 

Heterosexual relations of adolescents, 


Feb., 139-41, 142 

Hirsutism, Feb., 54 

Home, values in, vs. community values, 
Feb., 112 

Homotransplantation in agammaglobu 
linemia, May, 417-18 








HVJ virus. See Para-influenza virus 1. 

Hyperamino-acidemia, generalized, May, 
334 

Hyperbilirubinemia of newborn, treat- 
ment, medical, May, 389-90 

Hyperkinesis, delinquency due to, Feb., 
100 

Hypnotic drugs, May, 257, 258 

Hypogammaglobulinemia, May, 398- 

429. See also Agammaglobulinemia. 

clinical investigation, May, 397-433 
congenital, May, 399, 400 
transient, of infancy, May, 425-7 

Hypophosphatasia, May, 336 

Hypothyroidism, acquired, Feb., 26, 27 

Hypoxia. See Oxygen deficiency. 

Hypsarhythmia in infantile spasms, May, 
374, 375 

Hysteria vs. phenothiazine toxicity, May, 
262 


ILinEss, physical, denial of, Feb., 93 
psychology of, in adolescents, Feb., 
85-96 
Image, body, and environment, Feb., 86 
Immaturity, as predisposing factor in drug 
intoxication, May, 235-8 
in mental retardation, Feb., 155 
Immunity, active, special aspects, in 
young infants, May, 282-6 
basic mechanisms, May, 269-82 
in infancy, May, 269-93 
inductive phase, May, 278 
passive, duration, May, 287 
role in infancy, May, 286-9 
permanent, May, 285 
placental transmission, May, 288 
productive phase, May, 278 
recall, May, 270 
sequence of events in, May, 278-9 
specific, components of, May, 270-78 
nonspecific elements affecting, May, 


specificity, May, 270 
Immunization, active, practical aspects, 
May, 289-91 
schedule of, May, 290 
Independence, adolescent’s 
Feb., 106, 107 
illness as threat to, Feb., 87 
Infancy, immunity in, May, 269-93 
active, special aspects, May, 282-6 
passive, role in, May, 286-9 
Infection, generalized, vs. rheumatoid dis- 
ease, May, 448 
Infectious encephalitis vs. phenothiazine 
toxicity, May, 263 


need for, 
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Influenza, immunization, May, 290, 291 
Influenza D virus. See Para-influenza vi- 
rus 1. 
Influenza virus Ae, May, 304 
Inhibition, sexual, school failure due to, 
Feb., 120 
Injection, route of, antigenicity and, May, 
279-80 
Institutionalization, for 
Feb., 111, 112 
in mental retardation, Feb., 159-60, 
163 
Intellect, superintellectualization, school 
failure due to, Feb., 119 
Intellectual development, in galactose- 
mia, effect of treatment on, May, 
329, 330 
in infantile spasms, May, 374 
Intelligence tests in mental retardation, 
Feb., 158 
Intergenerational problems 
cence, Feb., 137-8 
Intoxicants, removal from body, May, 
251-3 
Intoxication, drug, May, 235-55. See 
also under specific drugs and _ sub- 
stances. 
Ipecac, syrup of, to induce emesis, May, 
251 
Iron intoxication, May, 247-8 
Isoagglutinin titers and blood groups in 
agammaglobulinemia, May, 403 


delinquency, 


in adoles- 


Japan, hemagglutinating virus of. See 
Para-influenza virus 1. 

Jaundice, physiologic, of newborn, May, 
387-8 

JH viruses, May, 308-309 

Job future, necessity for adolescents, Feb., 
70 

Joint involvement in rheumatoid disease, 


May, 440-41 


KERATOCONJUNCTIVITIS, epidemic, May, 
298, 300-301 
Kernicterus, May, 386-7 
drugs and, May, 238 
17-Ketosteroids, excretion, Feb., 19 
in plasma, Feb., 20 
Kidneys, amino acid excretion, physiol- 
ogy of, May, 336-8 
artificial, in drug intoxications, May, 
252 
biopsy, complications, May, 356-7 
contraindications to, May, 354-5 
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Kidneys, biopsy, in renal disease, May, 
353-71 
indications for, May, 354—5 
method, May, 355-6 
research value of, May, 369 
diseases, biopsy in, May, 353~71 
tubular syndromes, May, 344 
Knee. See also Patella. 
injury, Feb., 167 
Kyphosis, adolescent, Feb., 170 


LancuaGe development, retarded, in 
mental retardation, Feb., 155-6 
Lavage, gastric. See under Stomach. 
peritoneal, intermittent, in drug intoxi- 
cations, May, 252 
Learning, culture and, Feb., 133 
problems, in adolescence, Feb., 115— 
30 
in mental retardation, Feb., 157-8 
pediatrician and, Feb., 127, 128 
social system and, Feb., 133 
Leukocytes, count, in rheumatoid disease, 
May, 444 
Levallorphan 
May, 245 
LH. See Luteinizing hormone. 
Lignac-Fanconi disease. See Cystinosis. 
Liver function tests in galactosemia, May, 
325-6 
Lorfan. See Levallorphan. 
Luder-Sheldon syndrome, May, 347 
Lungs, involvement in rheumatoid dis- 
ease, May, 443 
Lupus erythematosus, disseminated, renal 
biopsy in, May, 362—4 
vs. rheumatoid disease, May, 448 ff. 
Luteinizing hormone, Feb., 16 
Lymph node abnormalities in agamma- 
globulinemia, May, 411 
Lymphatic system, hypertrophy, in rheu- 
matoid disease, May, 442 
Macroglobulin antibodies, May, 272-4 
Macroglobulinemia, May, 273 
Manipulativeness in adolescents, Feb., 
103 
Maple syrup urine disease, May, 335 
Marriage, age at, lowering of, Feb., 144, 
145 
Marrow, bone. See Bones, marrow. 
Megimide. See Bemegride. 
Menorrhagia, Feb., 53 
Menses. See Menstruation. 
Menstruation, delayed, Feb., 53 
Mental retardation in adolescence, Feb., 
147-64 
achievement limits in, Feb., 162 
Meprobamate, side reactions, May, 258 


in narcotic intoxication, 


Metabolic and nutritional considerations 
in adolescence, Feb., 33-42 

Metabolism, basal, in adolescence, Feb., 

35-6 
of amino acids, abnormalities of, May, 
334-6 

Methadone in narcotic withdrawal syn- 
drome in newborm, May, 246 

Methamphetamine intoxication, 
246 

Metrorrhagia, Feb., 49-50 

Mikedimide. See Bemegride. 

Miltown. See Meprobamate. 

Mitral valve stenosis, athletics and, Feb., 
179 

Moser exercise in dysmenorrhea, Feb., 47 

Motor ability in mental retardation, Feb., 
153 

Motor symptoms, extrapyramidal, due to 
phenothiazines, May, 259, 260 

Muscle contusion, Feb., 168 

Myocarditis, rheumatic, athletics and, 
Feb., 179 

Myxoviruses, May, 303-308 


May, 


Na-EDTA. See Sodium ethylenediamine 
tetra-acetic acid. 

Nalline. See Nalorphine. 

Nalorphine in narcotic intoxication, May, 
245 


Narcotics, intoxication due to, May, 
245-6 
withdrawal syndrome in newborn, 


May, 245-6 
Nasopharynx, x-ray examination, in agam- 
maglobulinemia, May, 403, 404 
Nephritis, glomerular, chronic, renal bi 
opsy in, May, 361-2 
Nephrosis, May, 348 
Nephrotic syndrome, renal biopsy in, 
May, 357-60 
Neuromuscular symptoms of phenothia- 
zine toxicity, May, 262 
Newborn, glucuronyl transferase system 
in, May, 381-96 
hyperbilirubinemia of, treatment, med 
ical, May, 389-90 
narcotic withdrawal syndrome in, May, 
245-6 ; 
physiologic jaundice of, May, 387-8 
Nodules in rheumatoid disease, May, 443 
Nucleoprotein, streptococcal, skin reac- 
tion to, May, 272 
Nursing care in ulcerative colitis, Feb., 
198, 199 
Nutrition. See also Diet; Food; Vitamin; 
etc. 
in ulcerative colitis, Feb., 199 








Nutrition, state of, influence of emotional 
factors on, Feb., 40-41 

Nutritional and metabolic considerations 
in adolescence, Feb., 33-42 


Osesity in adolescent, Feb., 54, 207—20 
Oligomenorrhea, Feb., 50-51 
Orthopedic aspects of adolescent and 
athletics, Feb., 165-72 
Osgood-Schlatter disease, Feb., 171, 181 
Ovary, tumor, Feb., 55 
Overdeprivation, delinquency due _ to, 
Feb., 104-108 
Overgratification, delinquency due _ to, 
Feb., 101-104 
Overstimulation, 
Feb., 98-101 
Oxygen, deficiency, in barbiturate intox- 
ication, May, 243 
utilization, cardiovascular respiratory 
fitness and, Feb., 175 


delinquency due to, 


Pain, abdominal, Feb., 54 
in rheumatoid disease, May, 442 
in adolescents, Feb., 165 
pelvic, Feb., 50 
Para-influenza virus 1, May, 304-306 
Para-influenza virus 2, May, 306—307 
Para-influenza virus 3, May, 304-306 
Para-influenza virus infections, May, 304— 
307 
Parents, approval by, adolescent’s need 
for, Feb., 137, 138 
influence on heterosexua! relations of 
children, Feb., 139, 140, 142 
permissiveness, delinquency due _ to, 
Feb., 103 
Patella. See also Knee. 
dislocation, Feb., 167 
treatment, Feb., 168 
Patient-physician relationship, need for 
authority in, Feb., 6 
Pauling-Pressmann-Haurowitz theory of 
immunity, May, 278 
Pediatrician, as specialist, Feb., 222 
delinquency and, Feb., 113 
learning problems and, Feb., 127, 128 
Peer problem in adolescence, Feb., 135-7 
Pelvis, pain in, Feb., 50 
Perception, body image, 
and, Feb., 86 
in mental retardation, Feb., 157 
Periarteritis nodosa vs. rheumatoid dis- 
ease, May, 449, 450, 451 
Peritoneum, lavage, in drug intoxications, 
May, 252 
Permissiveness, parental, delinquency due 
to, Feb., 103 


environment 
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Pertussis. See Whooping cough. 

Pessary, stem, in dysmenorrhea, Feb., 48 

Pharyngitis, adenovirus, May, 299-300 

Pharyngoconjunctival fever, May, 299- 
300 


Phenergan. See Promethazine. 

Phenobarbital in dysmenorrhea, Feb., 47 

Phenothiazine, derivatives, dosage, May, 

265 
side reactions, May, 259-62 
intoxication, May, 249-50 

Phenylbutazone in rheumatoid disease, 
May, 453 

Phenylketonuria, May, 335 

Phosphatase, alkaline, in plasma, Feb., 21 

Phosphate in iron intoxication, May, 248 

Phosphoethanolamine excretion in urine, 
May, 336 

Phosphorus, inorganic, in serum, Feb., 20 

Physical appearance, mental retardation 
and, Feb., 153 

Physical fitness, Feb., 175-6, 182 

Physician-patient relationship, need for 
authority in, Feb., 6 

Physiology of renal amino acid excretion, 
May, 336-8 

Placenta, transmission of immunity or 
antibody across, May, 288 

Plasma. See under Blood. 

Plasma cell pneumonia. See Pneumonia, 
interstitial. 

Plasmacytes in bone marrow in agamma- 
globulinemia, May, 413 

Pneumocystis carinii. See Pneumonia, in- 
terstitial. 

Pneumonia, advenovirus, May, 301-302 
in barbiturate intoxication, May, 244 
interstitial, in agammaglobulinemia, 

May, 424-5 
plasma cell. See Pneumonia, inter- 
stitial. 

Poliomyelitis, immunization, May, 289 
psychologic effects, Feb., 183, 184 

Potassium, in digitalis intoxication, May, 


in salicylate intoxication, May, 242 
Practitioner, adolescent and, Feb., 3-14 
Pregnancy, Feb., 53 
Prejudice, social, in mental retardation, 

Feb., 160 
Premarin. See under Estrogens. 

Procaine amide in digitalis intoxication, 

May, 249 
Procaine anesthesia in renal biopsy, May, 

355 
Prochlorperazine, side reactions, May, 

260 
Proctoscopy in ulcerative colitis, Feb., 

198 
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Progesterone in metrorrhagia, Feb., 49, 
50 
Promethazine, side reactions, May, 260 
Pronestyl. See Procaine amide. 
Properdin concentration in agammaglob- 
ulinemia, May, 416-17 
Protein, requirements, in 
Feb., 37-8 
serum. See under Blood, serum. 
Proteinuria, asymptomatic, renal biopsy 
in, May, 361-2 
in galactosemia, May, 323 
Pseudopolyposis as indication for opcera- 
tion in ulcerative colitis, Feb., 200 
Pseudotetanus in phenothiazine toxicity, 
May, 264 
Psychiatry in mental retardation, Feb., 
160 
Psychologic factors, in mental retarda- 
tion, Feb., 153-8 
in ulcerative colitis, Feb., 204, 205 
Psychology, of adolescence, Feb., 65-83 
developmental sequence, Feb., 66, 
67 
of physical illness in adolescents, Feb., 
85-96 
Psychosomatic disorders in adolescence, 
Feb., 96 
Psychotherapy in ulcerative colitis, Feb., 
200, 201 
Puberty. See also Adolescence. 
cortisone-induced, Feb., 24 
Pulmonary. See Lungs. 
Purpura, anaphylactoid, renal biopsy in, 
May, 364-6 
vs. rheumatoid disease, May, 449, 
450, 451 
Pyelonephritis, renal biopsy in, May, 


366-7 


adolescence, 


O.T. Crus, Feb., 202 


Race, delinquency and, Feb., 112, 113 
Rash in rheumatoid disease, May, 441 
Rauwolfia derivatives, side reactions, 
May, 258-9 
Reaction, antitoxin, to diphtheria toxoid, 
May, 284 
antigen-antibody, May, 270 
immune, to diphtheria toxoid, effect 
of passively transferred antibody on, 
May, 288 
side, from tranquilizing drugs, May, 
257-67 
skin, to streptococcal nucleoprotein, 
May, 272 





Reaction, tuberculin, after BCG vaccina- 
tion, May, 271 

Reagin, May, 277 

Reality, conflict with ego, in adolescents, 
Feb., 71, 72 

Rebellion in adolescence, Feb., 102 

Rejection, delinquency due to, Feb., 105 

Religion, adolescents’ attitude towards, 
Feb., 73 

Renal. See also Kidneys. 
amino-aciduria. See under Amino-aci- 

duria. 

Respiratory disease, acute, May, 299 

Respiratory syncytial virus. See CCA 
virus. 

Respiratory tract, infections, rheumatoid 

disease due to, May, 437 
upper, viruses newly isolated from, 
May, 295-314 
Rest, bed, undesirable effects, Feb., 183 
Retardation, mental. See Mental Retar- 
dation. 
Rheumatic fever vs. rheumatoid disease, 
May, 448 ff. 
Rheumatoid disease, in agammaglobuline- 
mia, May, 418-22 
juvenile, May, 435-56 
acute-phase substances, 
444-5 

adult type, May, 439 

clinical manifestations, May, 439- 
43 

course, May, 451-2 

diagnosis, May, 447 

differential diagnosis, May, 447- 
51 

etiology, May, 436-8 

heredity in, May, 438 

infantile type, May, 439 

intermediate type, May, 439 

laboratory features, May, 443-6 

onset, May, 439-40 

prognosis, May, 451-2 

treatment, May, 452-4 

RI-67 virus. See Adenoviruses. 


May, 


Rickets, vitamin D-resistant, vs. renal 
amino-aciduria, May, 346 
Roentgen examination, in rheumatoid 


disease, May, 446 
of nasopharynx in agammaglobuline 
mia, May, 403, 404 
RS virus. See CCA virus. 


SALICYLATES, in rheumatoid disease, 
May, 453 
intoxication, May, 238-42 
Saline solution in salicylate intoxication, 
May, 241 











Salpingitis, Feb., 53 
Scaphoid, accessory, Feb., 169, 170 
carpal, fracture of, Feb., 166 
Scheurmann’s disease, Feb., 170 
Schick test in agammaglobulinemia, May, 
402 
Schlatter-Osgood disease, Feb., 171, 181 
Schoenlein-Henoch purpura. See Pur- 
pura, anaphylactoid. 
School, as source of anxiety, Feb., 195 
failure in, Feb., 117 
anxiety as cause of, Feb., 121 
emotional problems as cause of, 
Feb., 118, 119 
sexual inhibition as cause of, Feb., 
120 
social class as cause of, Feb., 126, 
127 
superintellectualization as cause of, 
Feb., 119 
teachers as cause of, Feb., 122, 123 
mental retardation and, Feb., 159 
readiness for, Feb., 125 
readiness to leave, Feb., 125, 126 
role of adolescents in, Feb., 69 
Scleroderma vs. rheumatoid disease, May, 
449, 450 
Scoliosis, idiopathic, Feb., 169 
Season, rheumatoid disease and, May, 
437 
Sedatives, May, 257, 258 
intoxication due to, May, 242-5 
Self-assertion, need for, in adolescents, 
Feb., 71 
Self-esteem, lack of, in mental retarda- 
tion, Feb., 156 
Sendai virus. See Para-influenza virus 1. 
Sensation-hunger, delinquency due _ to, 
Feb., 98 ff. 
Sensitivity, physiologic, to drugs, May, 
236-7 
Separation anxiety in ulcerative colitis, 
Feb., 205 
Serum. See under Blood. 
Sex, adolescent and, Feb., 193, 194 
behavior, in mental retardation, Feb., 
155 
characteristics, secondary, Feb., 33 
delinquency due to, Feb., 143 
development, delayed, Feb., 28 
effect on mental retardation, Feb., 
151, 152 
heterosexual relations of adolescents, 
Feb., 139-41, 142 
identity, development of, Feb., 67 
inhibition, school failure due to, Feb., 
120 
role, of adolescents, Feb., 68 
stimulation in illness, Feb., 87 
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Skeleton. See Bones. 
Skin, grafts, homotransplantation, in 
agammaglobulinemia, May, 417-18 
rash, in rheumatoid disease, May, 441 
response to streptococcal nucleopro- 
tein, May, 272 
Skin-sensitizing cell products, May, 277- 
8 


Smallpox, immunization, May, 289 
Social behavior, Feb., 132 
Social class, conflict, delinquency due to, 
Feb., 143 
school failure due to, Feb., 126, 127 
Social prejudice in mental retardation, 
Feb., 160 
Social system, definition, Feb., 132 
learning and, Feb., 133 
Sociologic factors in mental retardation, 
Feb., 159 
Sociology, elementary principles, Feb., 
132-4 
of adolescence, Feb., 131-45 
Sodium bicarbonate, in iron intoxication, 
May, 248 
in salicylate intoxication, May, 242 
Sodium ethylenediamine tetra-acetic acid 
in digitalis intoxication, May, 249 
Sodium lactate solution in salicylate in- 
toxication, May, 241 
Sodium phosphate in iron intoxication, 
May, 248 
Somatotropin, Feb., 16 
Spasms, infantile, May, 373-80 
etiology, May, 375-6 
pathology, May, 376 
treatment, May, 377-9 
Spine. See also Back. 
abnormalities, congenital, Feb., 169 
curvature, kyphosis, Feb., 170 
scoliosis, idiopathic, Feb., 169 
epiphysitis, Feb., 170 
Sprain, of ankle, Feb., 166 
Osgood-Schlatter, Feb., 171 
Spondylolisthesis, Feb., 169 
Stem pessary in dysmenorrhea, Feb., 48 
Steroids, corticosteroids, excretion of, 
Feb., 23 
in rheumatoid disease, May, 453, 454 
in ulcerative colitis, Feb., 200 
Stilbestrol in dysmenorrhea, Feb., 48 
Still’s disease, May, 436. See also Rheu- 
matoid disease, juvenile. 
Stimulation, overstimulation, juvenile 
delinquency due to, Feb., 98-101 
Stomach, lavage, in drug intoxications, 
May, 251 
Stone bruise of heel, Feb., 170, 171 
Streptococcal nucleoprotein, skin reaction 
to, May, 272 
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Streptodornase, hypersensitivity to, in 
agammaglobulinemia, May, 422 

Streptokinase, hypersensitivity to, in 
agammaglobulinemia, May, 422 

Success, need for, in adolescents, Feb., 71 

Superintellectualization, school failure 
due to, Feb., 119 

Surgery, effect on adolescents, Feb., 95 
in ulcerative colitis, Feb., 201, 202 
plastic, in adolescents, Feb., 94 

Syndrome, effort, Feb., 176 

Synovial fluid in rheumatoid disease, 
May, 446 

Syrup of ipecac to induce emesis, May, 
251 


TEACHERS, school failure due to, Feb., 
122 


Test, Schick, in agammaglobulinemia, 
May, 402 
zinc turbidity, in agammaglobulinemia, 
May, 402 
Testes, undescended, adolescent’s con- 
cern about, Feb., 193 
Testosterone propionate 
thea, Feb., 48 
Tetanus, immunization, May, 289 
vs. phenothiazine toxicity, May, 264 
Tetracycline in agammaglobulinemia, 
May, 428 
Thorazine. See Chlorpromazine. 
Thrill-seeking activity vs. delinquency, 
Feb., 99, 100 
Thyroid extract in dysmenorrhea, Feb., 
47, 48, 61, 62 
Thyroid-stimulating hormone, Feb., 15 
Toxoid, diphtheria, antitoxin reaction to, 
May, 284 
immune response to, effect of pas- 
sively transferred antibody on, 
May, 288 
Training in athletics, Feb., 174, 175, 176 
Tranquilizers, intoxication due to, May, 
249-50 
side reactions from, May, 257-67 
toxicity, symptoms, May, 262-4 
Transferase, galactose-l-phosphate uridyl, 
values of, May, 318 
Transferase, glucuronyl. See Glucuronyl 
transferase. 
Transferase system, glucuronyl, in new- 
born, May, 381-96 
Transfusion. See under Blood. 
Trauma, in athletics, Feb., 165-8 
rheumatoid disease due to, May, 437 
TSH. See Thyroid-stimulating hormone. 
Tuberculin reaction after BCG vaccina- 
tion, May, 271 


in dysmenor- 


Tuberculosis, reactions to, in agamma- 
globulinemia, May, 422-3 

Tumor, ovarian, Feb., 55 

Typhoid, immunization, May, 291 


UDPGA. See Uridine diphosphate glucu- 
ronic acid. 
Ulcerative colitis, Feb., 197-206 
Uridine diphosphate glucose dehydro- 
genase, May, 383-4 
Uridine diphosphate 
May, 383 
Urine, corticosteroids in, Feb., 23 
estrogens in, Feb., 17, 18, 19 
in galactosemia, May, 323-4 
17-ketosteroids in, Feb., 19 
maple syrup urine disease, May, 335 
phosphoethanolamine in, May, 336 
Uterus, cervix, dilatation of, in dysmenor- 
thea, Feb., 48 
size, determination of, Feb., 49 


glucuronic acid, 


Vaccination, BCG, tuberculin reaction 
after, May, 271 
Vaccine, adenovirus, May, 303 
four-component, May, 290 
Vagina, discharge from, Feb., 51-2 
Value scales of adolescents, Feb., 70 
Values, adolescents’ need for, Feb., 79 
home, vs. community values, Feb., 112 
Versenate. See Edathamil. 
Viruses, 2060, May, 308-309 
adenoviruses, May, 296-303 
Coe, May, 309-310 
infections, in agammaglobulinemia, 
May, 408-10 
JH, May, 308-309 
myxoviruses, May, 303-308 
newly isolated from upper respiratory 
tract, May, 295-314 
Vitamin D requirements in adolescence, 
Feb., 38-40 
Vomiting in drug intoxications, May, 
251 


WuoopPInc cough, immunization, May. 
289 


X-ray. See Roentgen. 


Zinc turbidity test in agammaglobuline 
mia, May, 402 











